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PREFACE

In a letter to the Chairman of the National Academy of Sciences’ Naval
Studies Board, dated May 2, 1990, the Secretary of the Navy stated that the
Conference Report on the Defense Authorization Act for Fiscal Year 1990
directed the Navy to commission an independent study of future aircraft
Carrier technologies. Stating further that the study should produce a
"technology plan for the evolution of sea bases for the most efficient and
economical accommodation of tactical air power in the first half of the
twenty-first century,” the Secretary requested the Board to conduct a study
providing:

® asurvey of applicable technologies,
® an assessment of risks associated with the development of
~ these various technologies,
® estimated magnitude of the costs of developing these
technelogies for future aircraft carriers,
® the likely impact of technologies on aircraft carrier design.

The Secretary concluded by stating that he “envision[ed] that the result of
this effort will be a menu of technology options that will affect future
aircraft carrier designs,” and that the final report of the requested study
should be completed by June 30, 1991.

The Secretary’s formal request for what became known as the Future
Aircraft Carrier Technology Study actually began with preliminary
discussions between the Board Chairman and Director and serior
representatives of OP-05 and OP-08 on the evening of January 22, 1990.
This meeting culminated in a verbal request for the Board to make
preparations for undertaking the study contingent upon the Secretary’s
formal request. In response, the Board gained approval to undertake the
study from the Commission oa Physical Sciences, Mathematics, and
Applications on January 26, and from the Governing Board of the National
Academy of Sciences on February 6, 1990. The Board itself met on March
20, 1990, to approve the study plan drawn up over the intervening weeks.

The organizational structure of the study that emerged from the March
20 meeting is shown in the diagram on the following page. As is tue Board’s
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practice with major studies, the Chairman became the Study Director, and
all members were assigned key leadership or participatory positions. To
serve the Board's usual oversight function, an Advisory Council composed
of senior scientists, engineers, and operational experts was formed. During
the course of the study the Advisory Council met twice to critique the study
findings and 10 appiove the report on its final meeting. A Concepts,
Coordination, and Integration Group (CCI) served to generate concepts for
cvaluation by the appropriate task group, to coordinate the various activities
as the study progressed, and to integrate the findings into the Overview to
which this is the preface. The CCI Group was aided by an Operationat
Context Group, which served to evaluate the future geopolitical and threat
eavironment, and the Technology Group, which served to identify and
address key technical issues.

The remainder of the study was divided into six technical task groups as
follows: ~ Air Technology Group, Ship Technology Group, Weapons
Technology Gioup, Radio-Electronic Battle Management Group, Human
Factors Technology Group, and the Sustainability and Logistics Group.
Each of these six task groups was responsible for gathering information on
all technologies falling within their areas of responsibility. The chairman of
each task group was a member of the CCI Group. Therefore, the vital
function of coordinating findings within a common design envelope was
accomplished during meetings of the CCI Group and in three plenary
sessions involving the study leadership and a cross section of the
participants.

A total of 106 scientists and engineers representing the full spread of
technologies considered relevant to the design of an aircraft carrier and its
embarked air wing were identified, approved by the National Academy of
Sciences’ Commission on Physical Sciznces, Mathematics, and Applications
and the Academy’s Executive Office, and, after satisfying the Academy's bias
and conflict of interest procedures, were assigned to one of the ten
organizational groups. To each of these groups the Navy was asked to
assign a liaison representative, himself an expert in the work of his assigned
group. Rear Admiral David N. Rogers (OP-0SB) served as liaison
representative for the Secretary of the Navy, the Chief of Naval Operations,
and the Assistant Chief of Naval Operations for Air Warfare (OP-05).

Beginning with an organizational meeting of the full study group on
March 20, 1990—following a go-ahead from the Secretary of the Navy~the
task groups met for a combined total of 112 days. In addition to extensive
documrentation, informational input to the groups was provided through a
total of 368 invited briefings. To gain firsthand experience, a total of 70
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study participants spent 24 hours on an operational carrier at sea, and about
half of the study group visited Newport News Shipbuilding to see a carrier
under construction. These visits proved of extreme value to the study
process.

This Overview represents the summary findings of the entire study. It
has been reviewed and approved by the Advisory Council, by the Navai

Separately under the title Furure Aircraft Carrier Technology.  Volume [I-

Task Group Reports. Volume 11 will be classified. :
Finally, the National Academy of Sciences and its Naval Studies Board

would like to acknowledge, with deep appreciation, the total cooperation of

of Naval Operations for Air Warfare (OP-05) and his immediate staff bore
the brunt of the Support required by the study, and that Support was always
Pprovided in an efficient and timely manner. We wish to thank the liaison
representatives who not only helped in identifying and arranging
informational inputs, but also lsnt their Own experience and expertise to the
study process. Special thanks are due 1o the captain and crew of the
ABRAHAM LINCOLN (CVN-72), the NIMITZ (CVN-68), and the JOHN
F. KENNEDY (CV-67) for extensive briefings and tours during very busy
operational schedules. Senior officials of the Newport News Shipbuilding
Corporation are also due special recognition for providing detailed insight
into the design, building, outfitting, and launching of an aircraft carrier. We
are also indebted 1o the many briefers who took time from their busy
schedules to share information with the study group. Lastly, our deepest
gratitude to the scientists, engineers, and operational experts who labored
long and hard over a prodblem more complex than originally anticipated.

Robert J. Hermann
Study Director
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INTRODUCTION

As a maritime as well as a continental power the United States has
traditionally insisted on freedom of the seas, and we have protected that
freedom and projected power ashore from the sea throughout the 20th
century by using strong maritime warfare forces. With the
internationalization of the Western economies our connections to overseas
sources of economic strength and support have become even more important
to our own welfare and security.

Since 1942 carrier-based aviation has been central to the exercise of our
naval power. It has been the most called-upon initial instrument to exercise
military power in instances when the President has needed such an
instrument. In four wars and many lesser missions of deterrence and
presence it has been a major base for air power brought to bear against the
Opposition. A review of the position of aircraft carriers during the National
Research Council's study of the Navy’s future showed that despite—in fact,
because of—changes in the world military power balance that will be reviewed
later, it can be expected that in the future carriers will be called upon
continually to fulfill this important national role and mission.

Advancing aircraft, weapon, and ship technology will be available both
to the United States and to other nations that may oppose our forces. Such
technology can lead to significant changes in the configurations and design
of sea-based aviation and supporting forces, increasingly so as time goes by.
There are three main periods when naval systems R&D programs, within
anticipated resources, can be expected to lead to technological advances
mature enough to warrant their incorporation in carrier systems. In the

‘near term, 1993-2008, technologies that have essentially been developed can

be applied. In the mid term, 2005-2020, technologies for which the
approaches are now reasonably well understood or in early experimental
phases, but for which the applications have yet to be developed, can become
available. In the long term, beyond 2020, technological advances currently
conceptualized but never applied, and for which essential elements of the

Igee the Navy-21 study, Implications of Advancing Technology for Naval Operations in the
Twenty-First Century, a report of the National Research Council's Naval Studies Board (National
Academy Press, Washington, D.C., 1988), pp. 4448,

Preceding page blank 2
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Phenomenology remain to be learned, might be brought into being with
continuing support,

The currently visualized carrier reticement and acquisition program is
shown in Figure 1.1. The schedule illustrated could change. Depending on
the particulars of a technology and its applications, many new technologies
can be incorporated in the carrier force through modernization of existing
ships, while ary of them can be incorporated in the designs for new ships.
Ir some cases, it may be desirable to pursue a technological application with
a particular ship acquisition in view, but that is not necessary. The advance
of carrier system technology is linked to jts availability rather than to any
particular ship acquisition program.

CHARGE TO THE NAVAL STUDIES BOARD

To obtain a clearer view of the likely and desirable progression of carrier
system technology, the Congress asked the Secretary of the Navy to have the
present study performed. In his letter asking the Naval Studies Board to
perform this study, the Secretary of the Navy asked for

® asurvey of applicable technologies,

® an assessment of risks associated with the development of
these various technologies,

® estimated magnitude of the costs of developing these
technologies for future aircraft carriers, and

® the likely impact of the technologies on aircraft carrier
design.

The Conference Report on the Defense Authorization Act for Fisca]
Year 1990 asked for a study to “identify and understand how evolving,
emerging, and desired technologies might be combined and/or targeted to

sea-based aviation. . . . [and] ... an integrated technology plan for the
evolution of aircraft carriers in the first half of the twenty-first century.” It
also posed questions as to the implications of eliminating catapults and
arresting gear, the possibility of achieving greater carrier speed from
opuimized hull design and increased Power, and the potential for a mobile
sea base from which all kinds of aircraft could operate. The congressional
conference report repeated the request for an ‘integrated technology plan.*
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THE CURRENT STUDY

for appropriate balance among different Ways of resolving the critical design
issues in crder to benefit from the technoiogical Opportunities available 1o
improve the carrier sysiem in a resource-constrained environment. A
carrier-oriented R&D Program is recommended that €an make available 1o
the Navy several options for carrier- and sea-based-aviation system designs
during the mid- o long-term periods of carrier evolution.

In performing this study, the Nava] Studies Board considered no issyes
to be immune from examination, However, the fact that a question js
raised, explored, and Jeads to some systems ncepts does not necessarily
imply that aj such concepts are advocated g5 conclusions or
recommendations of the study.

A synopsis of the Study (Chapter 2) follows, briefly Summarizing the
main elements of the Operational context and threat, potentially avajlabje
future technology that wilj affect the carrier ang related systems, carrier
design drivers and thejr implications, the jssues raised by the joining of
Potential future threats ang technological advances, and the carrier options
that were identified in the course of the study.

Recommended directions of evolution of the future carrier force and a
Summary of recommended, carrier-oriented R&D Programs are presented ip
Chapter 3,

Part Two of thjs Overview reviews the assumptions and Premises guiding
the study and discusses the background (Chapter 4), the operational context
and threats (Chapter 3), the technology (Chapter 6), carrier design drivers
(Chapter 7), and the issues and the options (Chapter 8) in more detaj],
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SYNOPSIS

OPERATIONAL CONTEXT FOR FUTURE CARRIERS

The carriers being considered now will probably be in the force beyond
the middle of the next century; some of those acquired to replace the
NIMITZ-class ships may still be in opcration at the end of the century. The
"presence” and warfare missions of the carriers and their aviation are not
expected to change significantly, but the operational context in which they
will carry out missions and the means for doing so wiil change considerably.

Specific elements of our overseas posture, including overseas military
bases, are becoming more uncertain or insecure. The Navy provides the only
force that can establish a visible, persistent presence in a troubled or
threatened area for stabilization, deterrence, or rapid response to clear
threats to U.S. interests with military force, without impinging on the
sovereignty of any nation in such an area.

Although the U.S. security emphasis has shifted to the Third World, the
retained military might of the Soviet Union remains a continuing, latent
threat to the United States and is therefore of concern to the Navy. It could
reemerge as a major national concern very rapidly. The Navy must remain
prepared to meet Soviet naval warfare elements having attack capability with
short tactical warning. This requirement has not been changed by the
current Soviet withdrawal from confrontation in Europe.

Third World countries are acquiring military capabilities that can
seriously threaten U.S. naval forces at sea and that can effectively oppose
strike warfare by paval aviation over land. These capabilities are
summarized in Table 2.1 and elaborated in Chapter 5.

Although the war with Iraq suggested that some Third World countries
may not now be able to use all their advanced equipment effectively, they
can be expected to learn or be taught how to do so over the lifetimes of the
ships being considered. Also, Iraq’s inability to capitalize on its advanced
equipment must be 2ttributed perhaps in large part to the effectiveness of
U.S. systems and their use.

Current proposals to limit the levzls of arms sales to Third World
countries will take significant time to implement. If accepted they may be
expected to slow the growth of military capabiliti=s of those countries, but
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10 Carricr-21 Ovenview

duc to indigenous manufacture and covert arms shipments, not to stop that
growth in the long run.

The diffusion of threats and possible combat areas from the USSR to the
Third World will mean an increase in operations in littoral or coastal
regions where the U.S. fleet will become more accessible to proliferated,
Opposing tactical aviation and antiship weapon systems. The battle for air
Supremacy will move away from the Soviet-oriented three-tiered open ocean
scenario (outer air battle, area SAM defense, close-in ship self-defense) to
become a mixed battle involving integrated use of SAMs and fi ghter aircraft,
and ship self-defense. Guided weapons of all kinds, stealth, and operations
at long range from sources of Opposing fire will become the norm in both
threat and carrier operations.

Over its lifetime the carrier system will have to be prepared to work with
and contend with a flexible array of capabilities in what js becoming an
increasingly unstable and transient set of world political and economic
relationships. All the indications are that the Navy and the naval aviation
system will have to continue to strive for the best technological capability
that can be achieved.

THE CARRIER SYSTEM

The carrier is part of a complex maritime warfare and naval aviation
"system of systems” that includes sea-based aviation; the ship as the base; the
defenses of the ship and the fleet of which it is a part; the targeting, C3],
logistic, and support systems for all of the functions; and the personnel and
training to operate and maintain them. The system components may be part
of the aviation complement of the carrier; they may be part of the carrier
itself; they may be part of the fleet that accompanies the carrier; or they may
be land- or space-based, even though they are part of (i.c., “organic” to) the
seaborne aviation system. The carrier system also has many links to, and
often works interactively with, forces of the other armed services, under the
command and control of a regional commander-in-chief (CINC).

Like any major system, all the components of the carrier system are tied
together in complex feedback loops. Significant changes in one part of the
System must affect the distribution of functions and costs in the others.
Some of the issues that will drive carrier design must be resolved in other
parts of the total system as well as in the design of the carrier.




Carrier-21 Ovenview 11

' FUTURE CARRIER SYSTEM TECHNOLOGY

The potentially most influential technology candidates for use in future
carrier systems are listed and their significance and possible dates of
appearance are summarized in Chapter 6./ Summary Table 2.2 lists some
of them, roughly (but not altogether) in the order in which they come into
play in the carrier design; this listing may be considered as part of the data
base necded to appreciate the system design issues and carrier options to be
presented shortly .

Each area of technology will have associated costs, risks, and payoffs.
The technologies listed in Table 2.2 are the ones expected to have the
largest payoff in improving carrier design and the capability of sea-based
aviation. As a general matter, and following from the definitions of relevant
time periods given in Chapter 1, the farther in the future Table 2.2 shows
the initial availability of a carrier- or carrier-system-related technology to be,
the higher will be the technical risk in trying to achieve it, and the higher
will be the total cost of achieving it, relative to nearer-term systems.

CARRIER DESIGN DRIVERS AND THEIR IMPLICATIONS

There are a few main “drivers® of future carrier design. Their impact is
noted here and the issues they raise are discussed in the next section,
“Carrier System Options and Issues."

L. Trends in aircraft technology determine the size and influence the
design of the flight deck and therefore determine much about the size and
design of the carrier as a whole. These trends are moving in three
directions:

a. The geographically driven need for longer-range strike aircraft
and the threat-driven desirability of longer standoff from hostile shores
lead to larger, heavier CTOL aircraft that <an outgrow the current
NIMITZlass carrier. The critical aircraft systems in this growth trend
are the ones that must replace the aging E-2C, S-3, and EA-6B to
provide tactical support. To accommodate to the growth trend starting

i ZOverall RDT&E budget devoted to carrier-system-related efforts, except for variations in
aircraft full-scale engincering development, are not expected to decline materially. If they do,
the Navy will have to change priorities accordingly.
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14 Carrier-21 Overview

from the current nuclear-powered aircraft carrier (CVN), the advanced

aircraft larding speeds can be reduced; Catapult and arresting gear can

be extended and operating margins reduced; a smajy skijump can be

added to the forwarg part of the flight deck; the ships can be made v

2 Theneedto enhance survivability of the carmier as threats become more .
capable and more severe. The most severe threats will be stealthy, high-
speed, sea-skimming missiles using terminal Mmaneuvers; Steep-diving missiles e A
leaking through the outer defenses; ballistic missiles with maneuvering '
warheads; and large torpedoes designed to explode under the ship’s keel, & /
Mines will Jonstitute a continuing threat. Whjle the carrier’s aviation in the A
defense role and the other battje Broup defenses will be to defend against )
the threat "launchers® and long-range missiles ata distance from the carrier, i/
some of these threats leaking throvgh the longer-range defenses will require ,-"/
greatly enhanced close-in defensive measures inherent in or based on the o
carrier itself. Survivability can be enhanced by a combination of passive and i
active means:

4. The main Passive means include (1) signature reduction that
makes targeting more difficult and electronic warfare and deception
easier, and (2) enhanced resistance to and control of damage. Reducing s
signatures requizes changes in byl shape, propulsion systems, emitted

S

l‘*t"ﬁ
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signatures including unique ship radars and communications with their
antennas, and some aspects of ship and aircraft operating procedures.
Improved damage control can be achieved through advanced shipboard
sensing and communications, and cutomation, that enhance knowledge
of damage and responsiveness to it. Greater resistance to underkeel
forpedo damage is the most severe design requirement (see Volume I1, Ship
Technology and Weapons Technology Group Reports); it demands space
and th.s affects ship layout, especially of magazines, or ship size.

b. Increased active defense, including self-defense of the carrier and
improved battle group defense systems, would entail AEGIS-like radars
on the carrier to carry out functions of the current radars and to extend
the engagement envelopes (and would remove a set of unique carrier
signatures in the process); new planar array electronically scanned radars
for horizon scan and close-in defense; electronic countermeasures and
decoying systems on the carrier; vertical-launch missile bays aboard the
carrier to provide more firepower; active torpedo defense aboard the
carrier; mine sweeping in areas the carrier must transit; incorporation of
the radar improvements in other ships of the battle group and improved

integration of the defenses on the carrier and in the entire battle group,

with requisite attention to sturdy, low-probability-of-intercept
comraunications to enable the integration.

These are near- to mid-term problems and solutions. Clearly, all the
above measures interact, and they can be applied selectively. Overall, the
active defense improvements tend to add less cost to the carrier sysiem than
do the passive defense measures, because they require less redesign of the
carrier and they can be undertaken without forcing carrier growth. However,
many useful passive defense enhancements can be incorporated in carriers

 of current size for modest cost.

Advanced directed-energy weapons (high-powered microwave weapons,
lasers, particle beams) or electromagnetically driven hypervelocity kinetic-
erergy weapons (railguns, coilguns) can be advantageous in carrier defense.
However, all face severe developmental and practical problems that will
delay their application until the mid- to long-term periods, and their
availability will depend on continued R&D support. It will also be useful,
subject to world developments and 1o arms control and policy restraints, to
make available the capability to deploy low-yield nuclear warheads to
counter nuclear-armed attacks and possibly for other special defense
applications if the need should arise. Depending on the combat conditions

L e
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anticipated, the development can be straightforward or very demanding
technically.

3. Advances in the areas of propulsion and management of large amounts
of usable power can enhance ship survivability and efficiency and make
available an array of important new capabilities:

a. The current generation of reactors is extremely reliable but aging
in technology; advanced, higher-power-density reactors, if they were
available, could lead to significant volume savings that might be applied
to the volume needs of ship active and passive defense. Also, attention
in reactor R&D, design, and operation can be given to extending the life
of the fuel rods in reactors, increasing the interval between refuelings
and thus enabling significant operating and support cost savings. The
two directions may or may not be mutually exclusive; one purpose of a
reactor R&D program would be to reconcile them to the extent feasible.

b. Advances in energy management and electric power transmission
and conditioning systems are necessary for electric drive, electric
catapults and arresting gear, and electrodynamic armor—all mid- to
long-term contributions to carrier survivability; they would also be
necessary for operation of the directed-energy and electromagnetically
driven hypervelocity kinetic-energy weapons.

4. Advanced logistics and personnel support systems. These include
computer-supported design and operation of support and logistic systems;
application of production system concepts to aircraft operation and
turnaround; application of “instrumented ship” damage control concepts to
condition-based ship maintenance; changes in habitability, provisioning, and
resupply concepts and doctrines; modern personnel selection, classification,
and assignment techniques; imbedded training; and many other
support-oriented measures that have the potential to increase sorties, reduce
personnel, make volume available for other purposes such as sustainability
or survivability measures, and make it possible to insert new technologies
without increasing manning requirements.

CARRIER SYSTEM OPTIONS AND ISSUES
The Naval Studies Board’s careful consideration of the main factors

affecting carrier design and of the possibilities for resolving the problems
they pose has led to description of four basic options for future aircraft
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carriers and carrier systems. The options are presented here to show the
range of possibilities that was considered in the study. Review of the
options and their implications led to the board’s recommending the courses
of action presented subsequently:

1. An advanced NIMITZ-type carrier, within the NIMITZ-size envelope
(overall dimensions). The ship would be changed to the extent feasible to
meet some of the most severe threats and engineering problems foreseen
and to capitalize on some of the most important of the technological
opportunities in the offing. This would be the least expensivc option; the
cost could range from that for a current NIMITZ-class ship up to 10 to 15
percent more, depending on the extent of internal change and new passive
and active protection incorporated. Survivability enhancement would
depend on compromises in the use of space from other functions (such as
reduced magazine volume or a smaller zir wing) for enhanced passive
defense, and on capacity to incorporate enhanced active self-defense systems.

2. A new, large monohull. This ship would offer more scope for
change, including an air wing with larger and heavier aircraft having more
range and payload capability and more ability to defeat stealthy attackers,
enhanced ability to reduce the ship's signature that permits targeting by
opposing forces, improved underkeel torpedo protection for the carrier, and
more self-defense. This ship would be larger than one in the NIMITZ class,
in a range from 100 to 400 ft longer. Depending on the extent of changes
incorporated, it would displace 105,000 to 215,000 tons. In particular, one
version of such a ship might be a “stretched NIMITZ", 125 ft longer and
displacing 110,000 tons. This ship might cost 10 percent more than a
NIMITZclass ship not including other changes such as significantly
upgraded active defenses and nonrecurring costs associated with design
upgrade and drydock extensions. At the other extreme, a ship, including full
allowance for the aircraft- and survivability-related changes reviewed (both
active and passive defenses), could reach 1,500 ft in length, displace 215,000
tons, and cost as much as 100 percent more than a NIMITZ

3. A large semisubmersible ship. This ship could offer the most
extensive opportunities for signature reduction, and preliminary
considerations suggest that it might have the greatest inherent damage
resistance of all the options. It would have a rectangular flight deck of
approximately the overall dimensions of the NIMITZ flight deck, configured
to operate with all aircraft in the hangar decks except when being launched
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Or recovered, and ballasted to run With the propeliers on the submarine-like
hulls at about a 125.f depth but designed to reduce ballast and draw about

The above three alternatives would be able to operate a carrier ajr wing
of 85 to 90 aircraft, having the multi-capability mix of today’s air wing, under
different conditions of in-hangar or on-flight-deck Storage, servicing and
operation, self-defense, and offboard support for the different ships.

4. An LHAILHD? sized carrier Or one somewhat larger (e.g, 40,000 to
30,000 tons). 1t would be designed to operate an air wing of up 1o 30 new
STOVL fighter/flight attack aircraf in the F/A-18 weight class with
supersonic cruise Capability, or a smaller-sized air wing including a mix of
the STOVL fighter and high-performance, convertible rotorcraft for
antisubmarine warfare (ASW) and other Supporting roles. It would not have
Catapult and arresting gear. Survivability, magazine capacity, onboard
maintenance capability, and independent Operating capability would be
limited in comparison with current CVN, Cost would be about 60 percent
of the cost of a NIMITZ-class ship. This ship would be planned for use in

2The larpest class of amphibious assault ships.
30&86 of amphibious assaylt ships.
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so that their development need not be contingent on a decision to develop the
small carrier.

For a ship itself, cost is roughly proportional to displacement, with some
economies of scale in going to larger ships. The rough cost estimates given
for the different carrier options are based mainly on ship weight, and the
ranges are based on considerations of uncertainty or risk in the designs. The
cost associated with including a particular technology in the carrier system
for a carrier of a given size cannot easily be forecast without particularized
design studies, because many technological exchanges may accompany the
incorporation of a single major technological advance and this may lead to
more or less overall cost of the carrier and the system.

Some key issues regarding the overall desirability of the different options
are as follows:

®  Although the Soviet threat has subsided at least for the moment,
the next-generation carrier and those of succeeding generations will
have to contend with potential opposition, including forces from
many countries that even now are acquiring advanced technical and
combat capabilities that can stress the current carrier system to its
limits. The ships may also have to deal with a resurgent Soviet
threat, from uncertain directions, on short notice.

® Most potential solutions to the problems imposed by the new
operational context and the increasingly capable threats against U.S.
carriers tend to cause carrier growth. The growth implied by
ensuring enhanced passive underkeel torpedo protection without
reduction of air wing and magazine size would be the determining
item for future carrier size; if that growth were accepted there
would be adequate ship space for the larger and heavier aircraft that
might otherwise cause ship growth. There would also be more
ample space for augmented passive and active self-defense of the
ship.

® A larger carrier can thus be made more likely to survive, and larger
aircraft will be more capable and will give the system more stiiking -
and defensive power at longer range. Growth of the ship can be
restrained by forgoing some performance gains of onboard aviation
and accepting more risk of damage to or loss of the ship.

® The criticality of the ATS function (including surveillance and
targeting, airborne early warning, antisubmarine warfare, and
electronic warfare) as a driver of carrier size depends on where tie
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problem is partitioned and how the support burden is divided, The
carrier system vill be able to carry out some significant set of these
tasks by itself, and then the battle group will have to be augmented
by outside assets for the purpose, as indeed it is today. The choices
for those assets include Space-based systems; land-based aircraft
where geography and base posture permit; and possible unmanned
very high altitude, long-endurance (HALE) aircraft with extremely
sturdy data links to the ship. In the HALE case, the functions that

would be performed on the ship. Each approach has advantages as
well as disadvantages. Availability of the offboard assets when
needed wiil be a major concern for battle group commanders.
Solutions lie in the direction of making such assets "organic” to the
battle group, under the commander’s control, wherever they are

also be well designed to deal with a potential, resurgent Soviet
threat including land-based aviation. This could be a reasonably
safe position hedged against future uncertainty.

If accommodating all of the growth pressures were to lead to a new,
larger class of ship, an important concern would be the concomitant

would be necessary for overhaul and repair.

Advancing technology will make available many improvements in
the design of any carrier—such as some of those in the signature and
active defense areas, damage control, advanced logistics,

incorporzied because they will improve survivability, improve
combat zower, reduce personnel  requirements, and enhance
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e Design changes to make a carrier more efficient and increase its
damage resistance without growth could add or .reduce costs, in
some combination that will not be known until a new design is
undertaken. Many potential capital cost increases will be more than
offset by reduced life-cycle costs, requiring the budgeting and
planning system to exchange near- for far-term savings. As is so
often the case, decisions may have to be made to accept larger
"front-end” costs if the desired, much larger "downstream" cost
savings are to be gained.

LARGE SEA-BASED PLATFCRMS-A SPECIAL CASE

In asking the Secretary of the Navy to have this study performed,
Congress also expressed interest in an exploration of the possibilities for
building large platforms from which all manner of aircraft, rather than those
especially configured for current types of aircraft carriers, could operate.

One option available for such a system is a large platform, with a size,
for example, on the order of 9000 by 900 ft, based on a combination of deep
sea oil rig and hollow-column-plus-platform modular construction. This
platform, which would be the quasi-permanent seaborne analog of a tactical
air base on land, would be able to operate any aircraft ranging from
land-based fighters to large military transport aircraft. Another option is a
semisubmersible ship, such as that described above, about 2000 ft long and
configured to operate any combat aircraft that can operate within the
standards established for operation from carriers or from runways with bomb
craters, and tactical transport aircraft hike the C-130.

It is estimated roughly that the "island” option would cost from $4 billion
to $8 billion, based on extrapolation of estimates for offshore airports and
allowance for military specialization and lack of experience with assembled
structures of that scale. The ship option would cost in the $40 billion to $55
billion range, based on extrapolation of the estimate for the large
semisubmersible carrier option. The cost difference between the two
platform options would buy mobility. The large island could be moved only
very slowly (about 2 to 4 knots, if indeed it did not have to be disassembled
and rezssembled in another place); assembling it, stabilizing it against wind
and ocean current pressures, and keeping it flat and rigid enough for aircraft
operations would pose difficult engineering problems. Calculations based
on SWATH design principles indicate that the ship version could move at
about 20 kaots in a practical design, but it would face all of the same
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engineering problems and unknowns that the 1100-ft semisubmersible carrier
would face.

Missions and operating conditions for Platforms such as those described
here have yet to be defined clearly. If either platform were used very far off
a hostile shore, tactical aircraft range could become a problem. If used in
close, neither would have the mobility advantages of a carrier, but both
would have most of the Physical and many of the political vulnerabilities of
a land base. Moving such platforms could require extra-lor,_ Jjourneys
because the platforms could not easily move through many straits connecting
the major seas and the oceans.

This first-order €xamination led to the judgment tiiat the large sea-based
platform concept is different in kind from the aircraft carrier concept and
would serve different functions. The ship version of a large floating

be akin to having a fived, quasi-permanent overseas tactical air base, moved

offshore because it is not wanted or carnot be accommodated oushore, A
carrier is designed to carry out missions requiring mobility and the ability o

e€ach needs evaluation in jts own frame of reference, This report is
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RECOMMENDED PROGRAM

REZOMMENDED COURSES OF ACTION

Desirable future CTOL aircraft range and payload characteristics and
more potent threats facing the carrier system in the future give many reasons
for the carvier t0 increase in size from the current NIMITZclass ship to one
that is longer and of larger displacement. These reasons have been sketched
above and are discussed in more detail in Part Two. The “stretched"
NIMITZ-version of such a larger carrier, 125 ft longer than a NIMITZ and
displacing 110,000 tons, appears especially attractive in this respect because
it would not have as large an impact on the infras. tucture as other designs
for larger ships, it would give a measure of added underkeel torpedo
protection, and it would accommodate nsw aircraft of the higher weights
being contemplated. However, the “stretched” N IMITZ would not provide
enough additional torpedo protection to permit foregoing added active
defenses so that the total cost of the ship could grow to as much as 25
percent more than a NIMITZ. Other changes can be made in the carrier
design that will greatly increase effectiveness and efficiency at lesser cost
within the NIMITZ<lass size envelope. These opportunities should be
seized at all stages when the technologies to do so can be applied. R&D
programs are recommended to provide additional options for improved
effectiveness and efficiency in the later mid-term to long-term periods, when
carrier system needs may change significantly.

The advisability of pursuing a dual-track carrier development program
that includes the large (NIMITZ size or larger) and small (about LHA/LHD
size) carriers has also been considered.! The smaller carrier would require
development of a new family of powered lift aircraft. However, since such
aircraft can be valuable for carriers of any configuration and size, the
derision to develop them should not be tied to any particular carrier design.
The smaller carrier, viewed in its own context, would cost nearly two-thirds

spotting factor of 3,000 ft2 was assumed to allow maneuvering room, parking space, etc. Based
onUiAdecksizeo(&SOhbyloen,aﬂmahoutwairmﬁolFA-lssiuonmem.
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as much as the large one, while embarking about one-third as many aircraft.
More such carriers could establish “presence” in different places
simultancously within a given budget, but with less fighting power at each
location. While there would thus be advantages in having a smaller ship
with different capabilities, this study did not identify enough advantage for
the smaller carrier to recommend it as an alternative or as a parallel system
for acquisition. However, since its attributes, including both Opportunities
and liabilities, would clearly differ from those of a large carrier, more should
be Icarned about it to be able to judge whether the smaller carrier might
become a desirable future option.

Following is the strategy that the study group recommends for future
carrier system develonment and acquisition:

1. Plan the near-term carrier and the early mid-term carriers so that
they stay within the same size envelope as the NIMITZ class and use the
NIMITZ hull form. Attention should be given to modular design so that
valuable improvements in subsystems can be easily and quickly incorporated
at appropriate inteivals as they become available from R&D. It is estimated
that a carrier with the modifications described immediately below may cost
10t 15 percent more than a NIMITZ<lass carrier as one exists today.

2. Concentrate on improving active carrier self-defense, including the
essential radar changes summarized above and elaborated in Part Two, which
also support signature reduction and deception; missiles in vertical launch
bays; improved close-in gun systems and self-defense missiles; shipboard
torpedo and mine defense; integrated electronic countermeasures (ECM)
and decoying; and improved integration of all the shipboard defense systems
with each other and with the other battle group defenses.

3. Incorporate enhanced passive defense 10 the extent feasible with
modest cost, including:

a. Reasonably achievable signature  reduction, especially
considering radar cross section (RCS) and its compatibility with
electronic warfare and decoying measures, and noise and wake reduction
through propeller improvements and machinery quieting;

b. Design for greater survivabili , including selective application of
improved armor and ability to absorb hits with less resulting damage;

¢ Improved damage control, through internal distribution of
sensors, controlled ventilation and cleaning system that can deny oxygen
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or flush toxic substances as needed, appropriate automation, and a sturdy
internal ship communication system.

4. Incorporate logistics-and personnel-oriented advances in technology
and design characteristics (Part Two) to achieve the potentially available
operating efficiencies and personnel reductions; pay special attenticn in
doing so to "capturing® the ship interior volume freed by reductions in
personnel to make it available for other purposes. The potential personnel
savings and operational efficiencies achievable from application of modern
personnel and logistic engineering can be translated into increased sortie
rates, more effective sorties, and gains in ship sustainability and survivability,
as well as in reduced operations and support (O&S) costs. Achieving these
gains will require attention from the top levels of the Navy where overall carrier
system characteristics are specified, accepted, and verified, since none of the
designers, builders, program managers, or commanders at the ship and aircraft
subsystem and system levels is responsible for the overall level of personnel on
the ship or ihe cost and effectiveness implications of personnel-related decisions
that they may make.

5. To stay within the NIMITZ-size envelope, adapt existing and
near-term aircraft designs for the tactical support area to meet mission
requircments imposed by threat evolution to about 2010: e.g, let the
enhanced self-defense compensate for the effects of possible shortcomings
in long-range airborne early warning (AEW); develop electronic warfare
(EW) versions of the A-X when it is defined; explore extending the S-3
airframe or adapting newly available high-performance rotorcraft to improve
ASW capability; take prudent steps such as those described in Chapter 7 to
enable the ship to operate somewhat heavier aircraft if need be; and improve
the battle group’s ability to operate in joint modes with shore- and
space-based systems. These actions would fill the gap until newer systems
could be made availahle for the mid term and beyond.

6. Pursue a carrier-oriented R&D program to open new options for
carrier evolution in the mid- and long-term periods. Although there are
many pertinent R&D projects, there is currently no comprehensive R&D
program aimed explicitly at improving aircraft carriers. Many of the
advances in R&D programs for weapons, aircraft, and smaller ships can have
the effect of advancing the carrier and the carrier system, but adaptations
become necessary during carrier design and construction. A program of
R&D explicitly designed to advance the carrier and the overall carrier system




26 Carricr-21 Overview

would include many of the ongoing R&D programs, but it would give some
of them more or different emphasis. In addition, some R&D is unlikely te
be pursucd unless explicitly undertaken for the carrier system.

7. For maximum success in advancing carrier capability, give more
attention to management of the process by which the R&D and its
integration into the carrier system are achieved. Currently, a carrier s built
largely by accretion of subsystems and systems from various sources, in a
diffuse evolutionary process leading to many ad hoc design features. A focus
within the Navy, providing concentrated attention but not requiring very
high expense,? is needed to design, schedule, and modulate the process of
carrier evolution so that the planning and implementation of the total
carrier system and its progression through the years can be integrated more
purposefully, expeditiously and effectively than occurs today. This attention
would focus on desi gning carrier systems to accept change readily; ensuring

when size permits; and paying specific attention to enhancing the
connections among user, developer, and technologist. The results of this
activity would benefit all carrier System evolution in the near-, mid- and
long-term periods.

CARRIER-SYSTEM-RELATED RESEARCH AND
DEVELOPMENT (R&D)

The following list highlights the research and development thar should
be emphasized to advance the carrier system and to make accessible some of
the carrier system design options that are not available today. (The list is
elaborated in Chapter 10, and the individual areas are discussed in detail in
Volume I1.) The time periods are indicated when achievement of significant

2Itis estimated, for Sample, that the management activity described might cost on the order
of $10 million per year, for a system in which the equipped ship and aircraft could cost over
$8 billion. Savings attributed to the use of this management approach have not been calcuiated,
but they could be large.
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results can be expected, as are judgments as to the level of risk associated
with the development of the technologies.

Risk is linked to the state of the art and of practice in the technology.
Low-risk activities are those based on technology that has been implemented
in the field at some point, requiring only the time and resources for
application and integration in some current context. Medium-risk efforts are
those for which the basic phenomena are reasonably well understood, and
which may have been the subjects of successful laboratory experimentation,
but which have yet to be applied to an operating system. High-risk
endeavors are those for which the concepts and early theory and
experimentation may exist, but for which much of the phenomenology
remains to be described and implemented in hardware or software; the
technical risk involved in trying to bring them to successful application is
therefore high, because unknown or unexpected hurdles can prove highly
expensive or even present insurmountable difficulties.  Within the
characteristic cost level of the systems and subsystems under consideration,
higher risk entails higher research-to-hardware cost, although the
performance of the hardware might reduce overall costs in the long run.
Also, as will become apparent during the detailed discussion in Part Two,
depending on the capability it can take more or less time to bring a
capability to fruition, regardless of the level of risk.

1. Aircraft Systems

o Range extension with landing-speed reduction for CTOL
aircraft (near to mid term; low risk).

e Structural materials suited to carrier environment, for low
observability (LO) designs (near to mid term; medium risk).

e STOVL fighter/attack aircraft technology and prototype
development (mid term; medium risk).

@ Systems to facilitate and enhance night and bad-weather
operations (near to mid term; low to medium risk)

o Lightweight counterstealth aircraft radar systems (mid term;
high risk).

e High-performance rotorcraft concepts: ASW, tanker, carrier
onboard delivery (COD), rescue (mid to long term; low to
medium risk).

& Unmanned aircraft surveillance systems, especially HALE, with
spacecraft reliability (i.e., long time on station, operating
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without failures), air-to-air refuelable from the carrier, for
AEW and other tasks (mid to long term; medium risk).

2 Passive Carrier Survivability (near to mid term)

® All areas of ship, aircraft, and WEapon system signature
management (low to medium risk).

® Damage isolation and contro} throughout the ship (low risk).

® ‘Instrumenting” the ship, to support damage control and
maintenance (medium risk).

® Passive torpedo protection, including especially protection
against underkeel torpedoes (could be low or high risk,
depending on constraints and implementation).

® Advanced armor for selective protection of critical ship areas
(medivm risk).

3. Active Carrier Self-Defense

® Near-term missile and close-in weapons system (CIWS) gun
system improvements (low risk).

® ATBM extension of AEGIS (mid term; medium risk).

® Near- to mid-term carrier active defense—air and torpedo {low
0 medium risk).

® Directed-energyand hypervelocity kjnetic—energyweapons (rung .
term; high risk), and low-yield nuclear warheads for special -
applications in air defense (mid term; medium risk). :

4. Propulsion and Electrical Systems (mid to long term)

®  Advanced, safe, high-power-density reactors (high risk); reactors
with longer operating time between refuelings (medium risk).

® Hi gh-power-density, safe, energy conversion, conditioning, and
management systems (medium risk).

®  Electric drive (medium risk).

®  All-electric "yellow gear* (medium risk).

Aircraft- and munitions-handling equipment,
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5. Radio-Electronicand Acoustic Battle Management (Continues from
present through long-term; carrier system needs modularity for continual
upgrade.)

® Complete integration of the active carrier self-defense systems
aboard the carrier, and with battle group defense and offense
operations, including sturdy, multimedia, hard-to-detect
communications (low to medium risk).

® LO and counter-LO sensors and sensor systems (medium to
high risk).

® Advanced targeting systems, including “forward pass® with
appropriate data link capacity and multimode battle integrity,
for strike and defensive warfare (medium risk).

® Broadly defined EW and decoying systems to work with carrier
signature management and defense (medium risk).

® Improved battle group command center designs, in association
with carrier and battle group combat information system design
(low risk).

6. Advanced Logistics and Manpower Engineering (near to mid term;
all low risk)

® All areas affecting personnel and training; computer-based
operation, maintenance, and support systems for the ship,
aircraft, and weapons with emphasis on reliability,
maintainability, and modularity for easy replacement of aging
subsystems; rapid aircraft turnaround concepts; all applications
of automation to these purposes and to ship operation and
damage control—all these areas with the purpose of making the
carrier system and its operations more effective and efficient
with fewer people, and to "capturing” interior volume for other
uses.

® Improving compatibility of carrier and underway replenishment

ships.

7. Special Opportunities—opportunities are available to make special
gains in understanding of carrier systems that, if capitalized on, can
contribate invaluable data for mid- to long-term carrier design. Among the
most interesting are the following:

e T T
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® Use of the FORRESTAL, which is to be transferred to training

status in 1992, as a test bed to experiment with and develop
several of the concepts described in this report, for defense,
logistic support, crew reduction, and operations (medium risk).
Design  and  model studies of all aspects of large
semisubmersible ships, with special attention to the technical
problems, signature reduction, enhanced survivability, better
Cost estimates, and changed operational concepts in the long
term (low risk).’ ,

Large-scale structural model experiments (possibly including a
highly instrumented live fire test of a carrier destined to be sold
for scrap), to help quantify better than is now possible the
effects of underkeel torpedo explosions, to aid design studies of
passive protection of carriers and other large ships (medium
risk).

“Building a large prototype workable ship may, of course, become a high-risk endeavor.
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OVERVIEW DISCUSSION
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BACKGROUND

A study such as this cannot be started with a wholly clean slate. It is
best to set the stage for understanding the scope of the study and the results
it conveys by making explicit as mary as possible of the underlying
assumptions and premiscs. Even the definition of an aircraft carrier should
not be taken for granted, since the results of the study will be based on a
particular set of conceptions that may differ from others’ understanding
about aircraft carriers. This section lays out the main assumptions and
premises that affect the scope and direction of the study, defines the carrier
system as the study group understands it, and reviews the times when there
will be significant opportunities to change the carrier system.

ASSUMPTIONS AND PREMISES

1. The study accepts that there will be U.S. naval forces, of which the
carriers are a part, through the indefinite future. The future existence o;
aircraft carriers in some form is not an issue, However, carrier design and
the way carriers carry out their missions could change significantly.

2. The number of carriers that should be in the fleet is also not an
issue that this study will examine. But the study recognizes current realities,
It is assumed that budgets will be tight in the foreseeable future, but that
resources will be availatle to build and support needed maritime warfare
forces.

3. No issues have been considered immune from examination.
However, the fact that a question is raised, explored, and leads to some
answers or system concepts does not necessarily imply that the answers are
advocated as conclusions or recommendations of the study.

4. For purposes of this study, the nominal service lifetime of a carrier
is taken to be 50 years, including overhauls, refueling of nuclear reactors,
and modernization programs. While this assumed value might change in
later circumstances, it seems reasonable in engineering terms and is in
reasonable accord with current plans and programs for the carrier force.

Preceding page blank
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(Current Navy planning factors call for an average carrier service life of 45
years, and changing force structure budgets will lcad to earlier retirement for
some of the non-nuclear carriers. However, the ENTERPRISE is just being
refueled with another 20 years of service life in view, bringing its planned
service life to 50 to 55 years. Rising costs of future major systems could
easily lead tn the addition of 5 years to planned service life for the other
nuclear-powered aircraft carriers [CVNs] and their SUCCESSOrs. )

5. The service life of a generation of aircraft is taken to be 30 years,
with any individual aircraft remaining in service for 20 years. This is
consistent with historic progressions of aircraft generations in both the sea-
and land-based tactical aircraft forces, and it accounss for the fact that newer
generations of aircraft, which are becoming more expensive than their
predecessors and are taking longer to develop, will probably remain active
over longer time intervals (with periodic upgrading) than has been the case
heretofore.

6. Itisassumed that large carriers—about the size of the NIMITZ class,
or larger—will be nuclear powered. The nuclear vs. conventional power issue
was argued thoroughly at the time of the CVV/CVN! discussions of the lzte
1970s. Nothing in recent experier.ce suggests that non-nuclear power for a
new generation of large ships of the aircraft carrier (CV) class should be
preferred; indeed, future sustainability considerations would suggest using
nuclear power for more ships if the initial costs are deemed supportable.
Smaller carriers, some configurations of which are described, may be nuclear
Or non-nuclear, depending on views about the economics and other
non-technical factors.

7. It is assumed that at least initially the strategic situation will
continue to encompass generally friendly relationships with the nations with
whom we are friendly now. However, the nature of those relationships, and
the nature of relationships with current or potential opponents, may be such
that the carrier force could interact in cooperative, guarded, or hostile ways
with virtually any nation’s military forces at some time in the future. There
is a further implication that C3] equipment and strategies will have to be
designed for ready compatidility with those of new allies, and to have their
us¢ denied to new enemies, perhaps on short notice. Therefore, the

1evV (sircraft carrier [medium]) vs. CVN (aircraft carvier [nuciear]).
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operational context defining the military capabilities needed in a future
carrier rejuires attencion to potentially opposing capabilities rather than
intentions of any potential opponent. That is, there is no "threat” national
force per se, but there will be extensive and varied potentially opposing
military capability with which the carrier force may have to contend over the
lifetime of the ships.

THE AIRCRAFT CARRIER SYSTEM

The carrier is a major tactical air base fitted into a horizontal, floating,
mobile package roughly as long as the Empire State Building is high. It
provides:

® A specialized form of runway (in effect, parallel runways) capable
of simultaneous aircraft launching and recovery or rapidly
alternating launches from and landings at several points on the
“runway";

® Tie-down and hangar space for the aircraft;

® Aircraft refueling, maintenance, repair, and subsystem setup and
calibration space and facilities;

® Weapon storage, loading, and setup space and facilities;

® Aircrew and aircraft service crew living, planning, health, and
recreational space and facilities; and

® Living space and health and recreation facilities for the crews that
operate the ship, the air wing, and their facilities,

The carrier provides for the ship’s self-protection in case of war,
including shipboard weapon systems in addition to defensive aircraft, and
targeting for those systems; and control and repair of damage in case the
ship is hit in war or damaged by a peacetime accident, so that it can keep
operating.

The carrier is part of a maritime warfare and naval aviation system. In
addition to the carrier, the system includes:

®  Sea-based aircraft for strike warfare and for antiair, antisurface-ship,
and antisubmarine warfare;
® Surveiliance, command, control, communications, intelligence (C31),

> and targeting systems, and other combat support such as electronic
warfare and midair refueling, to enable them to carry out offensive
warfare;
AN
AN
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® The weapons they use;

@ Offboard systems, on other ships or land based, to help protect the
carrier and the battle group, in addition te <he defensive systems
aboard theé carrier;

® The C3land targeting system necessary for the total defensive task;
and

® Facilities and work space, aboard the carrier or one of the ships
that accompanies it in the battle group, for the battle group or
baitle force commander, his staff, and operating crews, including
command, control, and communications with links up and down the
chain to other elements of the carrier battle force, to other fighting
forces, and to regional commanders-in-( ..ief (CINCs) and sometimes
to Mational Command Authorities (NCAs).

Viewed in broad perspective, the System components may be part of the
aviation complement of the carrier; they may be part of the carrier itself;
they may be part of the fleet that accompanies the carrier; or they may be
land- or space-based, even though they are part of (i.e., "organic" to) the
seaborne aviatiou system. The entire System operates under the command
of a battle group or battle force? commander, who is in turn under the
command of a regional CINC.

Like any major system, all the components of the carrier system are tied
together in complex feedback loops. Significant changes in one part of the
system must affect the distribution of functions and costs in the others.
Although this study is focused on the technology and design of the carrier
of the future, that design can be affected profoundly by changes in the
concepts of operation and/or the design of any of the non-carrier
coinponents of the system as well as in the aviation, the carrier, and their
subsystems. Also, constraints and opportunities in carrier design can and
will affect the design and operation of all other parts of the system. Thus
some of the issues that will drive the carrier design must be resolved in
other parts of the total System as well as in the design of the carrier.

%A battle force inciudes more than one carrier and elements of more than one battle group.
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INITIAL CONDITIONS OF THE STUDY
The Carrier Air Wing

The shape, size, and functioning of the carrier depend sirongly on the
aircraft that operate from it. The aircraft characteristics determine the
landing space and catapult (or other takeoff) requirements of the carrier
deck, and for a given hul! form those requirements essentially determine the
design the ship. However, the carriers available at the time aircraft types are
replaced likewise influence the design of the aircraft. The current large-deck
carriers and their carrier air wings are thus matched to each other within the
carrier system, as the result of decades of evolution of both.

The carrier air wing currently includes between 80 and 100 fixed-wing
and rotary-wing aircraft, with the former constituting the vast majority. The
tixed-wing aircraft complement is composed entirely of conventional takeoff
and landing (CTOL) aircraft, with the exception of the Marine Corps’
AV-8B vertical or short takeoff and landing (V/STOL) light attack bomber
that might be carried during some missions. The Navy combat aircraft
currentlv include the F-14 long-range fighter, the F/A-18 fighter and light
attack bomber (whose mission spectrum concentrates mainly on attack), and
the A-6 medjum attack bomber. Fixed-wing support aircraft include EA-6B
aircraft for electronic warfare (EW) and aircraft for midair refueling, both
built on the A-6 airframe; antisubmarine warfare (ASW) aircraft, usiug the
§-3 airframe; and the E-2C airborne early warning (AEW) aircraft that help
manage the defense of the carrier and the maneuver of aircraft forces in
strike warfare. Aerial resupply and personnel exchan ges are performed by
carrier onboard delivery (COD) versions of the E-2 and the S-3. Helicopters
include variants of the H-60 for ASW and air-sea rescue, and of the CH-53
for heavy lift.

The aircraft currently in the carrier air wing will be of obsolescent
technology and will reach the end of their planned service lives during the
early 2000s. Replacement plans are currently either under way or under
study and discussion in the Navy, depending on the aircraft, and they have
entered the Office of the Secretary of Defense (OSD) and congressional
budget processes.

The A-12 medium attack aircraft that was in development was canceled
in early 1991 for technical and management reasons. Its airframe had also
been under consideration for adaptation to fulfill some or all of the other
roles currently filled by the A-6, and possibly others are noted. As this is
written, a new aircraft or concept for the A-12 mission has not been
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announced. However, such a Successor will be needed at some point since
the A-6 is one of the older aircraft in the fleet. In consideration of potentai

for the A-12.

The long-range air defense rols had been planned over the long term to
be fulfilled by a progression from the F-14 to the Navy version of the
Advanced Tactical Fighter (NATF), which has been deleted from the Navy
tudget (at least for the time being). Improvements to or redevelopments of
the F/A-18 have been under study for the light fighter and attack roles, and

study to fulfill the ASW, AEW, EW, and other surveillance roles Currently
carried out by the §.3, E-2C, and EA-6B. This may be a single pew
airframe, some combination of the A-X and modernized S-3 airframes

of the combat aircraft roles in the more distant future, This, together with
rotary-wing aircraft and possible future hybrid ﬁxed-rotary-wing designs,
Opens the possibility of a Succeeding generation of "powered lift" aircraft—an
aircraft type that has been under consideration regularly since World War
II, but that is now in the operating inventory only in the AV-8B and the
helicopters.

Current Status of the Carrier Fleet

under construction, and authorized by Congress. Although the Navy has
included long-lead item funding for CVN-76 in the FY 1993 budget, this has
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not yet been authorized by Congress. Approximate time lines for the new
generation of aircraft are also shown, to highlight the relationships between
_ the carrier and aircraft lifetimes. The following key points should be noted
from the relationships illustrated in Figure 1.1.

Six conventional carriers are scheduled {or retirement or conversion to
training status before the year 2000 as new NIMITZ-class carriers are
commissioned, with the carrier fleet limited to 12. The remaining KITTY
HAWK(™") classes of carrier, and the ENTERPRISE (the first CVN), will
be about 50 years old in the period from 2010 (KITTY HAWK) to 2018
(JOHN F. KENNEDY). The NIMITZ and carriers in the NIMITZ class
will need to be replaced starting in 2025. Planned refueling of the
ENTERPRISE will keep it in the fleet until 2011 (or possibly longer).

Viewed alternately, if there is a 12-carrier active fleet, between about
2000 and 2025 the carrier flect will have 8 NIMITZ-class carriers and it will
need 4 replacements for the older conventional classes and the
ENTERPRISE. Thus, during the three time periods being considered as
relevant to the evolution of carrier technology, the opportuaities to
incorporate the technology in new designs can occur as follows: near term,
involving the CVN-76; mid term, about 2005 to 2020, during which 3 new
ships will be needed, and post-2025, when the NIMITZ class will start to
nc.d replacement. At any point after 2010, more than 3 new carriers may
be needed if the number in the active fleet again exceeds 12 carriers. Much
of the new technology can be incorporated in the existing carriers during
retrofit and modernization programs, during any of the periods when
clements of the technology become available, independently of carrier
replacement needs or decisions.

The new generation of aircraft that will probably come into the fleet
during the period 2000 to 2010 will overlap the near-term and early mid-
term carrier replacement time periods (i.c., these aircraft will move from
existing to new carriers while in service). But that generation of aircraft will
start to need replacement after 2030, during the long-term carrier
replacement period. Since the current and the next generations of carriers
will each have to accommodate two generations of aircraft, the evolution of
the ships and the aircraft, together, must be considered in thinking about the
carrier itself.

Thus, whatever the Navy decides about the directions of evolution in the
carrier force, it is necessary to contemplate a roughly 45-year (~2003 to
2048) evolution of the sircraft-plus-carrier system before wholly new
systems will have replaced every vestige of the current-design systems in
service. It is also possible that the carrier-plus-aircraft system that replaces
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OPERATING ENVIRONMENT AND CONTEXT

To meet the terms of reference of this study it was deemed essential to
examine the operational and military environment in which the new ships
will likely operate. This environment will determine the requirements for
the future generations of aircraft and for defense of the carrier. Without an
understanding of such requirements, the design of future carriers would have
no sound operational foundation.

GENERAL WORLD SITUATION IN 1991

The fall of 1989 saw a major change in the world strategic situation, with
the turning inward of the USSR, the freeing of Eastern Europe, and the
public perception in the Western alliances that the Soviet threat had
evaporated. This was but one set of dramatic events in a longer-term
continuum of trends toward a differently oriented world geopolitical scene,
requiring a differently oriented U.S. strategic posture. Moreover, in part
because of the events noted, it appears that for the indefinite future U.S.
strategic posture will have to be revised in an environment of constrained
defense budgets.

The long-term trends have included the growth of two major economic
groupings—an economically unifying Western Europe, and a group of Pacific
Rim countries with economies being integrated by Japan—whose GNPs are
each of the same order as that of the United States and whose populations
are larger. These economic groupings, militarily allied with the United
States to meet Soviet militancy when it existed but increasingly our
€Conomic competitors, have technological capability that equals or is
superior to ours in various parts of the commercial sphere and is catching
up in the military sphere. They have or can build strong military forces. It
appears safe to project that over the lifetimes of the next generations of
carriers other powers will grow important, new power blocs will appear, and
U.S. relations with various nations will change.
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In the Third World,! which is subject to severe development pressures
and where there are resources vital to the well-being of the United States
and its allies, there has been an increase of nationalism and political
instability exacerbated by the heightening of ancient rivalries and conflicts
in many areas. These trends have been accompanied by the growth, aided
by prior and current arms sale policies of the USSR, the United States, and
our allies, of military strengths that make conflicts among those nations
particularly destructive and dangerous, and that can be highly threatening
to U.S. military forces should we have to use those forces in defense of our
interests and those of our allies. The portent for the industrialized and
developing nations and their economic well-being embodied in the conflict
with Iraq has heightened our appreciation of the nature of the Third World
military challenge. The outcome of Operation Desert Storm may deter
many potential threats against U.S. and allied interests from the Third
World, at least in the near term, but the antecedents of that conflict also
illustrated that such challenges can arise unexpectedly and quickly.

In the future, Third World military capabilities are likely to continue
to improve, as a result of economic competition among the industrialized
countries for arms salgs, the political imperatives of arming allies in diverse
areas, and because indigenous technological capabilities of growing regional
powers, such as China, India, and Brazil, are also increasing and being
spread. Third-World-oriented arms control proposals being considered now
will take a long time to implement if they are agreed upon, and they are
more likely simply to slow rather than to stop the drift of advanced arms
into Third World arsenals. Although many Third World countries may not
yet be adept in the developmert and use of advanced military systems,
several may be expected to become so over the lifetimes of the ships being
considered here.

The world’s economic trends have led to internationalization of the
world’s economies, so that the United States depends heavily on overseas
sources of resources and manufactured 8oods as well as overseas sales of our
own products. The sea and air lines of communication to those sources are
thus vital to our strength and welfare, as well as to our defense. At the
same time, our freedom 10 use bases in allied countries to protect U.S.

Ihirg World™ is used here as the conventional shorthand for nations other than the
combination of NATO, OECD, Japan, and the Soviet Union. The countries of Eastern Europe
are included for convenience with the countries other than the Third World; they are mainly
land-locked, with little €Asy 3CCess to open oceans.




Carrier-21 Overview 43

interests beyord direct defense of the allies has been reduced. OQur allics
wish to have a say in how we use the bases on their territory, and they have
at times objected to our usiny them for purposes they disagree with or that
they fear may work against their own interests. Such patterns can be
expected to become the norm in U.S. overseas military involvements,

As specific elements of our overseas posture become more uncertain or
insecure, the Navy must come to represent an increasingly important part of
our forward security posture. It provides the only force that can establish
a visible, persistent presence in a troubled or threatened area for
stabilization and deterrence without impinging on the sovereignty of any
nation in such an area, and for rapid response to an attack on our interests
with military force. But while one cannot say whose forces, specifically, the
new carrier system should be designed to fight over the next 20 to 50 years,
some categorization by potentially Opposing capabilities is possible.

TRENDS IN MARITIME WARFARE?

Worldwide, broad-area surveillance by many nations, including our own,
will mean that unless ship signatures are reduced it will become increasingly
difficult for naval surface forces to hide in the vastness of the ocean. To
avoid telegraphing moves, unless that is desired, to engage opposition on
land at the sometimes large geographic distances that can be involved in
Third World contingencies, and to make targeting and attacks against the
battle force more difficult, dispersed battle force formations and strike
warfare beginning initially at some distance from target areas are visualized
for the early stages of warfare involving carrier forces. This would continue
2 post-World War II trend toward dispersal of the battle group, with
offensive tactical aircraft or missile firepower concentrated from increasing
rauges. However, the evolution of threat weapon systems will affect this
trend in complex ways that are explored in some detail at various points in
the remainder of this report.

“The trends noted in this section and the technology involved are described in detail in
NAVY-21: Implications of Advancing Technology for Naval Operations in the Twenty-First Cenaury,
a report of the National Research Council's Naval Studies Board (National Academy Press,
Washington D.C., 1988).
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Briefly, defense of the fleet during the period of severe Soviet threat
@me to encompass three interlocking defense zones: interception of

@ Close-in attack of largets by aircraft using free-fall or guided
weapons;

®  Attacks by aircraft standing off from the close-in point defenses and
launching guided standoff weapons;

®  Attacks by air-, surface-, or Subsurface-launched long-range missiles

the missiles after they have reached an appropriate point in thejr
flight paths (*forward pass” mode).

As a general matter, Systems using guided Weapons in all categories wilj
destroy targets with greater economy of force (i.e., earlier completion of
military tasks usin g fewer aircraft sorties and with fewer aircraft losses) than
those using un guided weapouss. The longer-range weapons tend to be larger
and more expensive than the close-in weapons, and therefore fewer in
number. A carrier magazine carries about an order of magnitude more air-
to-surface weapons deliverable at long-range (by direct or standoff aircraft
attack) than can be included in the form of long-range surface-to-surface
missiles even in advanced designs of surface combatants, However, in
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fange missiles thai are targeted by means ranging from carrier aircraft to
external assets such as those in space, depending on the type of target.
Sustained strike warfare by carrier aviation would follow this preparation
stage. (In some situations not demanding extensive and sustained attacks,
the initial strike may be enough to settle the military issue.)

Both offensive and defensive maritime warfare doctrines and systems will
greatly increase the importance of the “information war" for targeting
sea-based strikes and to alert individual ships to approaching attackers and
weapons and to help in their ship’s defense. The information war is a
contest in which each side attempts to learn as much as possible about the
compositions, locations, and activities of the other, and about third parties
in the vicinity of a conflict, while denying such information about itself.
Information denial will involve broad application of stealth technology,
signature maragement, electronic support and countermeasures, and
concealment and deception (C&D). Information gathering, and many other
information-related activities such as communication and navigation, will
depend on systems in Space, without which the Navy will be unable to
operate, as well as on airborne systems. The information war and its
concomitant radio-electronic and acoustic battle management (REABM) are
coming 1o involve diverse, expensive, technically complex system designs for
all the above purposes.

Although weapon range initially ran ahead of over-the-horizon targeting
of moving targets in U.S. systems, the information systems, including sensors,
communications, and processing and rapid integration of information from
many sources, are gradually facilitating targeting for the standoff weapons,
Targeting against fixed targets has not been a problem per se, although
extensive information must often be collected to facilitate weapon guidance
by such schemes as digital scene matching. Use of Global Positioning
System (GPS) coordinates for targeting and weapon guidance will make
guidance less expensive and more flexible. However, this implics routine
mapping of target coordinates in the GPS grid, which is not a current
practice.

In all the key areas the United States Navy is ahead of potential
opponents. However, maintaining the lead has not come cheaply; we have
been strongly challenged by the Soviet Union, and many of the important
capabilities applicable to maritime warfare have gradually been spreading to
other countries.
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FUTURE MILITARY ENVIROHMENT
The Soviet Union

be certain that the current trends will continye, The Sovie: Union has

fields first-lipe tactical fighter and attack aircraft, is the first carrier of the
class. A long-range bomber fleet, long-range a;r. and surface-launched
missiles, quieter attack submarines, submarine-launcheg missiles, angd
wake-homing, underkeel exploding torpedoes with large enough warheads
to totally disable or Sink a NIMITZ cjass carrier all exist, ang many of these
force elements continue to be improveq,

Thus, although in the future we coyld anticipate longer Strategic warning
of a land war jf there were to be a resurgence of Soviet hostility, the tactical
warning sitvation for the Navy would remain much as jg i today. The Navy

Iust remain prepared 1o meet Soviet nava) warfare Capability that has poy
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Relevant Third-World Military Capabilities

Third World countries are rapidly acquiring military capabilities that can
seriously threaten our naval forces and that can effectively oppose strike
warfare by naval aviation over land. These capabilities include:

® A great proliferation of antiship cruise missiles, which can be
expected to incorporate stealth characteristics and terminal
avoidance maneuvers as missile generations progress, and which can
be air-, surface-, or submarine-launched,;

® Accurate (e.g., 100-m or less circular error probable [CEP]) long-
range  ballistic missiles with conventional upitaiy or
distributed-effect, chemical, and possib3ly biological warheads and,
at some future time, nuclear warhea ;

® Advanced tactical aircraft;

® Quiet, modern diesel and closed-cycle submarines, with the
possibility that one or more nations may acquire nuclear-powered
attack submarines;

® Mines and advanced torpedoes; and

® Effective air defense weapons.

Table 5.1, repeated from the synopsis, Chapter 2, and based on unclassified
sources, shows some of these Third World weapon system holdings aud the
countries where the capabilities originate.

Ballistic missiles, while they are clearly threatening in land warfare
against fixed targets, may not appear as threatening against highly mobile
targets like aircraft carriers. This is true as long as the missiles are limited
to delivering ballistic, unitary high-explosive warheads, since targeting would
be difficult and a ship at 30 knots could move S nmi ia the 10-min flight
time of a missile. Thus, such missiles are not now a threat to the Navy. But
they can become so.

3Disuibuted-e!l‘ect warheads are those with submunition payloads that are distributed in a
pattern designed 1o include and damage the target. The probability of a hit is increased thereby,
and although each submunition inflicts less damage than does a large unitary warhead, the effect
of several hits distributed over the target could in some circumstances be more damaging than
the effect of a unitary warhead.




d1qcpeae Ljises
SIENWIYD J1seq ‘lizesgy ‘Aueursany

¥ 3uidojonsp
Mow of ‘Anpiqedes saey SLIUN0) py

suodeam ledjwsy)

Y0
“S'N *UsSn snid “aoqe se sweg

wpow swos ‘sonpqedes Butuny jeaeu
Yim somunos [z ‘sauLewIqns daey eyl v

$30padio) pasueape ¥ soupy

SpUeRIIYION o1
'UIpIMS ‘aduesg N Kueusan

Suupisuns 1310 leisv 1seayinog

EISY 1samyInog ‘seqy SIPPIN ‘eds0y:

yinog ‘esudury uney ¢ feuy) ‘ueme L
‘eoupy Yinog ‘oeusy ad43y ‘velsiyey ‘etpu|

(w15 Jedu
$8 ‘mou pp) SULIRWIQNS 2u33NU-voU ysinb ‘wapopy

] 32yj0
‘'uIyD) Yyssn TSN ‘dduery

$21UN0o g

3uiiaansuew
158) ‘Ayitears Ajjenuajod ‘sapIssiw papind diys-puy

snouad oy
Jwos y[) tazuesg W.sn sn

2123 YInog pue yuoN ‘ueder
‘eOUdWY une “uyn ‘ueisiye ‘erpuy
ISV 1SIMYINOS &~ sey Jippipy up gy

(suBisap uy Jusixo Swos
03 Juureadde pue puewdp ur A3ojouyaay Yieans)
sIaquiny yweanudss uy yesoae 1€21138) Wrapopy

ONIQIAO 44
SHIMLNNCO NIVIN

ONIAVH S3NLINNOD NIV

ALINgvdv)

010z-1wa11n) ‘sopigede) Aiepy PLOM PIYL Jo malatong 1'g F19vV.L




49

'NSN pue ‘Ssip ‘s2uer ‘vov 4q pPaysiiqnd wjep paiysseppun Woyj pazuewwng :3HUNOS
"SPISING Wolj 6y Yum ‘107 4q PIINgds 0) pardadxa aq ues ‘pakonisap mou Y3noqije ‘yoiym ‘besy apnjouy sandny 410N

W duerd tyssn s

: s19Yt0 Auew ‘easoy
HInog pue yuopN ‘euy;) ‘uedep ‘ueisiyed
‘EIpu] ISV 1samymnog pue 1SE APPIN NIV

(pany-sopnoys
Alre1dadso) suraishs/suodeom 5UDJap 11e widpopy

Auewisnn
‘A 2SS 9ouesy NMnvsn

810} NOg pue yroN
"BV ynog ‘erpuy ueisiyey ‘euny)
SISV ISIMUINOS pue ISET JIpPIN (IV

(s1a1doayay ‘Kiognae ‘syue)) £3010) punos? upow

eiep aonds vonnjosar
‘W01 5 Jumas oouerg yssn

Anpqedes
youney auyojes aaey [oeus) ‘e1puy ‘eury)
‘ueder ‘swoyshs SUOHEJIUNWWOD dAey fIv

Annqedes
vueftaarns-aoeds Juipnjou ‘Bunodae) 1O uopopy

swashs uo

3uppiom sonunod OLVN »
USSN awoy ABojouyoay lesauan

uowwod s1dpury
23ues Buipuriq 10) Ias5e] pling ved Auy

3jdood 3 siosuas ‘sa suodeam BEL S|

(Mojouyaay jueasyas

Suionuos uy sno1ndia

10U st sam ) pze sy ‘Aueunan
‘EUIYC 01 panquiie djoy parejoy

12410 ‘eunuadsy

‘Nze g ‘ea10 YuON :uoos sjqissod

WUV HInog ‘ueistyeq ‘Pels] pownssy
“EIPU] ‘euty) :01A3p/ucdeam paysay,

suodeam Jespony

snouddipur
2WOS 'SIDYI0 ‘edjoy
HHON 1SS ‘rerq feuy)

€310 YInog pue
YUON ‘ueisiyed ‘epup ‘vel] ‘besy ‘eiqery
tpneg 1dA3:1 ‘ekqi ‘oessy ‘Jizerg ‘sury)

spraytem 3vudanauew ‘Ajenuajod i
00Z < 23ues ‘(WsS) Spssiw 92EJINS-01-32ELNS JNsyjeg




S50 Carrier-21 Overview

If a ship's position could be ascertained accurately at the time of launch,
and if there were barrage fire by many missiles, then chemical warheads
could possibly deliver a damaging attack. A salvo of a few nuclear warheads
could have a reasonable chance of detonating one within killing distance of
a ship. Biological warheads would do no immediate damage, but they could
impair a carrier’s operations in a matter of days. Distributed-effect warheads
having many small, energetic submunitions that could sericusly damage or
€ven penetrate the flight deck, the Su, sstructure, and exposed aircraft could
be launched in such a salvo with a 800d chance to damage the carrier and

In the more distant future, but within the lifetime of a generation of
carriers that may be acquired during the period 2000 to 2020, maneuvering
warheads for ballistic missiles could be developed and fielded, either by

in addition to incorporating the technology into their own systems. With
appropriate guidance, large, conventional unitary or distributed-effect
ballistic missile warheads could then attack even a moving ship, .
Finding, tracking, and targeting a ship would remain a difficult problem,
but not impossible as time progresses. The Argentine air force was able 1

resolution of the data is sufficient to detect naval targets. As time passes we
€an expect increasing Third World ability to launch surveiilance and
communication satellites, Depending on the political issues involved in any
potential conflict, advanced countries may be willing to pass surveillance
data to potential belligerents.

Submarines, commercial ships, and aircraft operating within the accurate
navigation that will be available via the U.S. GPS and the Soviet GLONASS
Ons accurately enough to launch attacks
into a lock-on-after-launch "basket.” Reducing response time and location
of targets within less than a mile, especially with the help of surveillance

aircraft, ships, and submarines in a pre-hostilities environment, will not be
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insoluble problems for determined military forces. It must therefore be
essumed that the tactical problem of maintaining surveillance, or finding a
carrier and targeting it, will be solved in the long run by several regional
powers. (The effect of signature management on this capability will be
discussed in a later section.)

The weapon systems available for attacking a carrier would then include
any of the systems listed above. Although 1he large, wake-homing,
underkee! torpedoes are not yet available in the Third World, they could
become available during the lifetimes of the carriers being considered here.
Other types of homirg could be associated with underkeel torpedo attack.

The only 1:ajor kind of system that the Third World may not have at its
early disposal is an analog to the Soviet BACKFIRE system delivering
long-range, supersonic missiles. Developing bomber-class aircraft is difficult
and expensive, and such aircraft may not appear in the Third World.
However, modern transport aircraft can be adapted to launch missiles,
including heavy, fast, long-range ones, so that in time a non-Soviet
long-range air threat to the fleet could appear. Because of the nature of the
aircraft, it may not be as stressing for the outer air battle as the Soviet air
threat has been, but denial of continuons combat air patrol (CAP) deep over
hostile territory where the transports may ve orbiting, prior to ectablishment
of friendly air supremacy, could contribute to surprise in such launches.

Military capability that the carrier System can expect to face in strike
warfare during its lifetime includes sophisticated land-based air defenses.
The air defense capabilities include Soviet, U.S., French, and British systems,
some of which have high performance and are very resistant to
countermeasures. In some countries these defenses are tied together in
defense networks including early warning and cooperative combat among
dispersed defense sites. The United States encountered such “apability,
based on much cruder systems, in Vietnam, and the performance of such
systems has improved greatly since then. As time progresses, we can also
€Xxpect to see some forms of laser weapons dispersed throughout the world.
Such weapons may not, in the early years, have sufficient power levels to
damage an aircraft or a missile airtrame but they can, even now, blind
sensors and aircrews.

All these capabilities will place a premium on carrier aviation attack
using low-signature Systems; attack from standoff; radio-electronic battle
management of the information aspects of the air (as well as naval) warfare,
including effective command, control, and communications with integrated
electronic warfare and force-wide signature management support; and
efficient and effective targeting systems and weapons that can destroy targets
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without requiring many repetitive sorties and accompanying aircraft losses.
Such capabilitics were demonstrated during Operation Desert Storm, and
they clearly contributed 1o effective air Operations in that war.

Finally, it should be noted that several Third World countries have
developed extensive skills and implementing organizations in terrorism and
sabotage. These pose a danger 0 a carrier mainly when it is in port and in
restricted or crowded waters where small boats, airplanes, and trained

Allied Countries

Despite the recent marked changes in the world situation, the United
States and its major allies in Europe and the Far East have made no move

reasons not to do sc. However, the subsidence of the Soviet threat together
with the heightering of economic competition among the allies must
inevitably change the nature of the alliances. Factors in the economic
competition are likely to come to the fore. An economically united Western
Europe, Japan, and the Republic of Korea (possibly reunited at some point
with its Korean neighbor to the North) can all be expected to advance their
technoiogical capabilities. While the orientation may be commercial, the
techrologies of greatest importance, in the electronic, computing, and
materials areas, will have dual uses, so that military capability among the
allies will grow.

This capability is already very strong. In time, especially if there is a
tendency to slow U.S. defcnse R&D for advanced systems, it can be expected

S€as and the ability to Project power ashore from the sea are of vital
importance to all and where we have had the preponderance of highly
capable naval strength for the task. A diminished U.S. naval power could
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lead to the adverse effect of enhancing any divergence of interests and
actions that the economic competition might bring about.

OVERA'L SIGNIFICANCE OF THE DIFFUSE THREAT

Political change can happen much more rapidly than the carrier system
can be changed in any significant way. It is thus fruitless, and could be
seriously misleading to the public and defense planners, to try to predict
which nations any carricr system built to operate during much of the 21st
century will have to fight over its lifetime. Rather, the carrier system will
have 10 be prepared to work with and contend with a flexible array of
capabilities in what is becoming an increasingly unstable and transient set
of world political and economic relationships.

All the indications from the sbove sketch of the current world situation
and geopoliucal, technological, and military trends are that the naval
aviation system will have to continue to strive for the best technological
capability that can be achieved. Despite the relaxation of tensions with the
Soviet Urion, nothing in the trends presages a relaxation of the need to be
able to meet and overcome advanced military technological capabiiity in any
areas of the world where U.S. interests may be threatened in the future.

Some may argue that the Operation Desert Storm experience in rapidly
overcoming resistance by a well-armed enemy suggests that the above
conclusion is overstated. There are two responses to this argument. The
first is the historical observation, repeated several times during the past
century and a quarter (e.g., in Japan, the USSR, Korea), that over time
forces newly equipped with modern systems will become adept at developing
and using them. The second is that the use of the most advanced U.S.
equipment to overcome resistance rapidly saved many casualties and avoided
potentially severe national political divisions, bearing out the value and
indeed the necessity of keeping the technological edge. A very substantial
technical lead may become essential in fast-moving technical zreas.

Although the need for advanced technological capability in the Navy and
the Marine Corps will not diminish, the nature of the capability could
change significantly. The shift in threat priorities and possible combat areas

. will mean a reduced likelihood of Open-ocean fleet combat at long range.
An increase in operations in coast-oriented or littoral areas can be
anticipated. There, the fleet will become more accessible to proliferated,
shorter-range opposing tactical aviation and to land- and submarine-
launched antiship weapon systems. The long-range outer air battle and the

™
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missile-based area defense zones would then tend to merge. The battle for
air supremacy will move away from the three-tiered open ocean battle that
characterized planning to meet the earlier Soviet threat, to become a mixed
battle involving integrated usc of antiaircraft missiles and fighter aircraft.
Incorporation of stealth in threat systems, the underkeel torpedo threat, the
continuing threat from naval mines, and a growing ballistic missile threat
will require more emphasis on self-defense of the carrier.

Although other geographic areas will be emphasized in U S. planning
now, we must also be ready to respond in case there is a resurgence of
Soviet hostility, which could occur virtually overnight. In that event, and for
some Third World situations (such as the anticipated continuing U.S.
presence in the Persian Gulf) requiring operations at very long distances
from the carriers, the Navy will continue 10 need long-range aviation such
as it has and is planning now.

Over time, both threats and naval aviation characteristics will change.
The range and payload of tactical attack systems on both sides will increase,
as will the ability of U.S. antiair warfare (AAW) s;3tems to engage stealthy
threats. Low observability may enable Navy attack aviation and strike
warfare systems to operate with less need for fighter cover, while increased
stealth on the part of attacking systems will require more close-in defense
of the battle group 2nd the carrier. Defense at long range could come to
depend on any of several alternatives. The latter might include *forward
pass” missiles that can be launched by fighter aircraft, attack aircraft, or
ships and submarines, with terminal targeting by tactical combat or advanced
surveillance aircraft in the target area. Any of these possibilities can affect
the form and composition of the carrier air wing, carrier seif-defense, and
the distribution of battle group AAW and ASW defense in successive
generations of systems. The ships must be designed with flexibility to accept
the variations as the need for them arises.
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CARRIER SYSTEM TECHNOLOGY

One cannot talk about future carrier system technology without dealing
with the design and operational issues the technology poses, and one cannot
talk about the issues without having had some €xposure to the technology.
In keeping with the terms of reference of the study, this Overview
summarizes the technology, but to be concise and to adhere to the main
point of the study it must concentrate on elucidating the issues that the
technology, in combination with the changing operational context, raises
with respect to future carrier system design.

The key areas of technological advance that will affect the carrier system
over the next few decades are summarized below in Tables 6.1 through 6.7.
The advances and their significance are elaborated, and they are discussed
in Volume II. No attempt has been made to be complete, since all of the
relevant areas and varieties of technological advance and all their
ramifications are too numerous 10 mention in a brief survey. However, the
advances listed are believed 1o bear, at least potentially, the greatest
significance for carrier design in the future. Many possibilities are
mentioned and described that may in the end be proven undesirable for
incorporation in carrier system design. Indeed, some of the advances may
have influences that conflict with each other. Mention of a technology
therefore implies neither acceptance nor rejection. The purpose of Tables
6.1 through 6.7 is simply to convey information, Costs are not included
here; important cost factors are treated in later discussion.

The presentation in these tables concentrates on the possible
technological advances that could have a significant impact on carrier system
design and operations. The critical concerns raised by both operating
environment and technology trends are discussed in the subsequent sections.

Although the carrier is the primary concern of this study, the carrier’s
aircraft and their weapons are the reason for having a carrier, and for that
reason they are presented first.
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CARRIER DESIGN DRIVERS AND IMPLICATIONS

There are three main classes of "drivers® of future carrier design:
L. Trends in aircraft technology;

2. The need to enhance survivability of the carrier in its future
operating environment; and

3. Other technological advances that can make for significant
efficiencies in carrier system design, that can mitigate the adverse
effects of the above two "drivers”, and that can lead to new carrier
system concepts.

These design drivers and the questions they raise for carrier design and
operation are discussed below. Several different kinds of carrier designs that
might be conceived to resolve the critical questions and to capitalize on the
new technological opportunities are presented and discussed in Chapter 8.

TRENDS IN AIRCRAFT TECHNOLOGY

Trends in aircraft technology determine the size and design of the flight
deck and therefore determine much about the size and design of the carrier
as a whole. These trends are moving in three directions: increased size and
weight of CTOL aircraft, enhanced performance of powered lift aircraft, and
increased versatility and utility of unmanned aerial vehicles.

Size and Weight Growth of CTOL Aircraft

The total weight of the carrier aircraft complement depends on the
composition of the carrier air wing and on the size and weight of the
individual aircraft within it. Total weight can be taken as an indicator of the
average trends in aircraft design through the years. it began to grow with
+he advent of jet aircraft, from about 1 million b in 1950, before the first

Preceding page blank
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carrier-based jets, 1o just under S million Ib in 1978, It has grown only very
slowly since then.

The heaviest a‘reraft now Opcrating from a carrier is the F-14, with a
maximum takeoff (corbat loaded) gross weight (TOGW) of 68,000 Ib and

percent, stressing the current space allocations. Early design studies indicate
that some configurations of a single ATS aircraft might stay within the E-2C
envelope but that it could have significantly larger takeoff or landing weights
than the F-14. Depending on the configuration, the advanced tactical
Support aircraft variants could weigh up to 100,000 1o 125,000 1b, fully
combat loaded, with landing weights up to 80,000 1b. Historically, all aircraft
have grown in weight during their service lives. There would be no reason
to expect this trend to change, so that the weights anticipated for initial
models of the new aircraft would increase through successive improvements.

tactical support (ATS)" is used here 1o connote the function as well as any new aircraft—one or
several—that will be acquired 10 perform it.
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design problem tor this aircraft has been the desire for 2 single airframe to

. carry out all the support functions (which also include midair refueling and

COD), to reduce the number of airframe types aboard the carrier, and
thereby to ease acquisition costs and maintenance burdens.

To adapt to the coming prospect of aircraft growth and its effects, some
adaptation of carrier and aircraft design and operations will be necessary:
the carrier can be changed within the NIMITZ<lass envelope; aircraft
landing speeds can be reduced; the carrier can be made larger; or significant
functions that are drivers of the growth can be carried out in a different
manner.

Solutions to Aircraft Size and Weight Growth Problems
Adapt to Current Trends

Although the specific ATS concept of a multipurpose airframe for
tactical support missions has not yet proven acceptable, the factors that
make for larger aircraft for the missions remain. It would be very desirable
to stay within the NIMITZclass envelope to keep ship costs down and to
avoid exceeding the bounds of port depth and drydock facilities. Current
aircraft gross and landing weight operating limits of the carrier can be
extended by a number of means.

Catapult capacity can be enhanced to enable launch of aircraft up to
100,000 1b. An increase of ~15 percent in the wind-over-deck requirement
for launch, together with an added 50 ft of catapult length, could enable a
100,000-1b launching weight. A modest skijump (e.g., 14 in. high and 42 ft
long—Table 6.4) added o the forward edge of the flight deck, forward of the
catapult, would significantly reduce the need for these steps. There may be
some question as to whether this addition would interfere with aircraft
handling and parking, but extending the catapult would also mean moving
the jet-blast deflector, and so would start a chain of design changes.

Enough additional landing length (100 ft) for an aircraft 12,000 b
heavier than the F-14 at landing can be made available by eliminating the
forward, fourth wire of the arresting gear system and allowing a longer
runout, to the limit of 35 ft from the landing deck leading edge that is
accepted on the FORRESTAL, compared with 95 ft on the NIMITZ class.
To reach an 80,000-1b landing weight, the landing speed of the aircraft would
have to be reduced about 7 percent; this might be done by elaborate wing

flap design and/or vectored thrust, as described in Table 6.1, but at a penalty
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in useful load that would have 1o be determined; iz cou'd be as high as 10
to 12 percent. A stronger arresting gear (toward which the Navwy is moving)

would allow riore deceleration in stopping the aircraft, provided the aircrafy

require means (such as z "smart hook,” "smart wires,” or "smart” thrust and
aerodynamic controls for more precise glide path control) to compensate for
any significant reduction of hook engagement probability during landing,
especially in adverse weather. .

Restrain the Weight of Combat Aircraft

static or fixed targets were attacked using standoff Weapons. “Level-of-effor;®
area bombing of some targets with free-faj) Weapons, for which such
bombing is Needed, might have to use other means, as did the B-52
LINEBACKER i campaign of December 1972 in Vietnam or the B-52
strikes against the Iraqi army during the air @mpaign of Operation Desert
Storm.
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Increase Ship Size

If such adaptations prove unsatisfactory, and if it is still essential to
allow the aircraft to grow, then the chip will have to grow as well. An
80,000-1b aircraft landing at 150 knots needs a 500-ft runout, compared with
the 340 ft available today and the 440 ft that can be achicved as described
above, leaving an additional 60 ft to be gained. The angled landing deck
cannot be extended without extending the flight deck length as a whole (the
angled deck can be no longer than three-fourths the length of the full flight
- deck) without raising the questions of stress limitations due to slamming in
high seas and crane clearance in the present building docks.

Ship designers have indicated they would be most comfortable with an
additional 100 to 125 ft of flight deck length to accommodate the new
designs they are seeing. Ordinarily, other dimensions would grow
accordingly to preserve the same hull shape, leading to a ship displacing
aboui 135,000 tons. (Ship growth could also be required by extension of the
passive torpedo defense structure, described below in the section titled
"Survivability"; the growth for that purpose would provide more than
adequate space to handle the largest CTOL aircraft foreseen.) It might be
possible, however, to extend the NIMITZ-type hull by 100 to 125 ft without
changing other dimensions. This would lead to a ship displacing 105,000 to
110,000 tons with a slight decrease in speed (one knot or less), but it would
lead to survivability benefits to be discussed below. All of this implies a
"stretched NIMITZ" or a new class of ship, in which it would also be easier
to incorporate many of the available signature reduction measures and other
engineering advances discussed below.

Itis important to remember in this connection that any new aircraft that
would otherwise force growth in new carriers would also have to operate
from the remaining NIMITZ-class ships. Conversely, if the carrier were to
grow for other reasons it could accept larger aircraft, but the NIMITZ-class
ships would still have to be served.

If the need for aircraft and ship growth were accepted, this would mean
that the new aircraft systems would have to be timed to meet the first
mid-term carriers, in about 2005 to 2010. Realistically, at this point, only
the later ships in that group (those commissioned after 2010) could be slated
to receive ab initio an aircraft whose development could not be started until
1995 at the earliest. If the new aircraft were too large to operate from the
NIMITZ-class ships, it would operatc only from the larger mid-term ships,
and some solution would still be necessary to extend the combat capability
of the NIMITZlass ships. That might be done with a lightened version of
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the new aircraft, but this would be a complex task; the aircraft would have
10 be designed 10 be light and then allowed (o grow into a version operable
only from the new carricr. It might have significantly different capabilities
in the two cases, in view of the critical ATS aircraft design drivers (e.g.,
weight of the AEW radar), leaving a different overall combat Capability in
different carrier air wings.

Increase Reliance on OfMoard Surveillance and Targeting

on offboard surveillarce ang largeting systems,

If the combat information retwork must extend the carrier’s offensive
and defensive battle Space while growth to accommodate increasing weight
of the ATS aircraft is limited, then the alternative is for the battle group to
shift some, and perhaps much, of its reliance for surveillance and targeting
data from onboard to offboard information sources.

A critical issue for the battle group commander is the enduring concern
that the offboard assets (spacecraft and long-endurance aircraft, manned or
unmanned) will not be available when needed. If the assets were kept under
the ¢irect control of the battle &group commander by making them "organic"
to the battle Broup, no matter where they are based, then he would “‘own"
extensive onshore and even Space-based facilities and Systems. His span of
control would be greatly expanded, and new command relationships with

showed how the needs oi the tactical commander could be met and
protected with assets that may be uncer the partial contro] of the national
system for space assets,

As implied in Table 6.2, conventional approaches to offboard aircraft
SUpport can be useful when safe land bases for their operation are within
Teasonable range of the carrier operating areas. If these distances become
large, shortcomings associated with their relatively limited range and
endurance will become important, In addition, aircraft fleets of substantial
size might be needed to provide the hecessary coverage; for €xample, it could
Tequire seven aircraft in the force 10 ensure that one AWACGS-type aircraft
provides 24-hr coverage to a battle force Operating in ocean areas distant
from the aircraft base,

Different alternatives are to change the nature of the surveillance assets,
Space systems have been noted above, Unmanned high-altitude, long-
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FESVY

endurance (HALE) systems offer one new approach; lighter-than-air craft
might be thought initially to offer another.

Lighter-than-air craft can be made large enougn 10 carry the desired
antennas to detect low-observable targets.  Their endurance can be

have been ruled out as an option for this mission.

HALE systems could be built much as Space systems are built today,
in terms of long-term reliability, and they could be designed and operated
in such a way as to be available to and under ful] control of the battle group

contribute cueing information to the self-defense systems.

Tre HALE aircraft characteristics listed in Table 6.2 represent a
first-generation System.  Future generations of HALE aircraft could be
designed as larger aircraft to ry larger payloads, impraving our
effectiveness against stealthy targets. These aircraft could become as heavy
as the large {ransport aircraft that carry land-based AEW Systems, but given

Small, single-purpose satellites for some ad hoc surveillance and
communications missions could also be launched by ships in the battle force
if necessary.

critical element Prohibiting that, more or most of e capability would have
10 be shifted offboard,
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Powered Lift Aircraft

The high-performance F/A-18-sized STOVL fighter/light attack aircraft
described in Taby 6.1 is made feasible by the continuing trend to engines
Wwith increased thrust-to-weight ratios, Those engines have been developed
in part to make the range- and signature-reduction benefits of Supcrsonic
Cruise without afterburner feasibje in conventional combat aircraft. If the
gain in thrust-lo-weight 13tio is turned toward enabling reduced takeoff run
of a combat-loadag aircraft and vertjcal landing of such ap aircraft after jis
combat load s €xpended, the resulting STOVL design could operate from
an LHA or LHD s the AV-8B does today, or from any other patform large
€nough 1o accommodate the moulest takeoff fun and verticaj landing, as wel;
as from the large deck of a NIMITZ-class carrier,

The weight penalty of the aircraft jn a single-engine versjon under
today’s rules of safety and risk is, as has been indicated, modest. The 5
percent penalty can be accommodated by judicious allocation of the usefu]
load, as has been described for the advanced CTOL combat aircraft, above,
Today’s ;ules for single-engine-out performance during launch and recovery
would require €ross-shafting in a two-engine aircraft, increasing the weight
penalty to an unaceeptable 20 percent. This could be alleviated to achijeve
a lighter Win-engine aircraft of this kind by relaxing the rules for
Cross-shafting. ‘The risk of losing an aircraft dye to failure of a single engine
at a critical time woulq then be increased, while the nsk of losing a single-
engine aircraft at ancther time during a mission would be reduced, The
trade-offs would have 10 be examined ag part of the design analysis

Witk its supersonic Cruise Capability could be ysed as part of 2 mixed carrier
battle force to contribute to the 2ir defense screen of the large carrier, and
as fighter support for amphibious landings. A smatter carrier with STOVL
fighter/attack aircraft could Operate independenxly in scenarios noy needing
the full attack ang defense Capability of the large carrier, 1 could receive
additional protection when needed by CG-47. or DDG-51-class ships, It
would also need Support by ofiboard assets for surveillance, reconnaissance,
and EW support, of the same kind that Was discussed for the large carriers
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The aircraft could be especially useful on a large carrier as well. It
would offer the advantages of more rapid flyout to meet incoming threats,
of being able to operate from flight dacks having bomb damage or catapult
and arresting gear outages due to damage, and of being able to sustain high
operating rates because mote than one such aircraft could land on the large
deck at once.

The high-performance rotorcraft listed in Table 6.2 can be considered
hybrids that are partly fixed wing and partly helicopter. Although some
designs of such aircraft would entail some penaliies in comparison with
helicopters in hovering, and all of them would pay some performance
penalty in comparison with conventional fixed-wing aircraft in forward flight,
th.> combination in one machine would offer many compensating operational
advantages. They would be considerably more efficient in hovering or
slow-speed flight than would fully fixed wing VSTOL or STOVL aircraft,
and they would be considerably more efficient in horizontal flight than
helicopters. ikey would be especially useful for ASW, from large or small
ships. They would *; > larger payload, speed, and range than helicopters,
allowing more cearch area, more sonobuoys and weapons, and more rapid
follow up of cotacts by AS'¥ forces. They could supplement and possibly
supplant the aircraft designed for the ASW part of the ATS function. They
could also be used for COD and rescue purpos=s, and in appropriate
versions, for air-to-air refueling. They would offer the same advantages as
the STOVL fighter in terms of operational flexibility from large or small
carriers or air-capable ships, especially in case of battle damage t0 a carrier’s
flight deck.

The availability of the STOVL fighter, together with the high-
performance rotorcraft, would make possible a smaller, albeit less capable,
carrier option that, in a mix with NIMITZclass and ‘ibsequent large ships,
could provide a high degree of flexibility to the carrier force as a whole. Ir
should not escape notice, however, that the gains in fleet flexibility and any
Potential savings in initial ship cost from going to the smaller carrier must be
considered together with the cost of developing these i, aircraft. The ship cost
per embarked aircraft jor the smaller carrier would be significantly higher than
the comparable co.. {.r the large carriers. “he eircraft, on the other hand, can
be useful from any aviation-capable ship, so that their acquisition cost alone
should be considered separately from that of the ships.




82 Carrier-21 Overview

SURVIVABIUTY

Threats and Directions for Solution

significant periods and make j; more vulnerable 10 5 killing attack. A noted
above, it js ajso vulnerable 1o having jis Propulsion machinery seriously
misaligned, jis Magazine exploded, and/or its back broken by torpedoes
designed 1o explode under the keel. Despite the Mmultilayered defenses

before they can launch their attack missiles. Extension of sych difficulties
10 threats other than the USSR depends on the kinds of missilery ang
long-range aircraft they can acquire.

In Third World littoral-area Operations, hostile tactical aircraft coylq be
intercepted mych more easily from 5 Qarrier. But if threar attack aircraf,
or disguised transport aircraft or €argo ships, are able 1o launch long~rangc
missiles, or if there may be the Possibility of neytra) aircraft or cargo shi
requiring visya] identification under some ryjes of €ngagement, missile
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Protection of the carrier includes both passive and acrive defense.
Passive defense includes reduction or complete modification of the carrier’s
signature 10 make targeting and weapon guidance more difficult, and
increasing the ability of the carrier to resist damage and to recover from
damage if it is hit. Active defense includes intercept of threats by the
carrier’s own aircraft before threat aircraft and submarines can launch their
weapons; defense by offboard AAW and ASW systems that may be part of
the battle group or that may be more distant and under other (battle force,
joint, or unified) command; and ship self-defense against incoming missiles
that may leak through or are launched from inside the aircraft defense
perimeter, and against torpedoes. ‘

The various approaches to defense of the carrier are taken up in turn,
below. The integrated effects on carrier design are then considered.

Passive Defense
Detectability, Signature Reduction and Modification

A carrier has large signatures in several domains. Radar signatures
derive from the shape of the carrier, the presence of resonant cavities
opening to the outside of the ship, and the presence of aircraft and support
equipment (“yellow gear*) on the flight deck. There are infrared signatures
from the many heat sources on the ship and its air complement. The
turbulent wake of the carrier is long and subject 1o detection at long range,
including from space: the wake from the bow arnd stern waves can be
similarly detected by appropriate techniques. Much carrier activity and
onboard machinery including catapults, and ship propulsion systems
including propellers, create recognizable, carrier-specific acoustic signatures.
Electromagnetic radiation from radars and communications associated with
air operations, battle force operations, onboard operations, and ship defense
can enable detection, classification, and location of the ship.

Current carrier radar and acoustic signatures are so large that location
of the ship and weapon guidance against it are casily feasible. It is possible
by appropriate design and treatment to disguise the radar signature of a
carrier (¢.g., NIMITZ size) to make it more difficult to distinguish from
other ships and to facilitate decoying and masking by chaff and other
electronic countermeasures (ECM). Aircraft and equipment on deck could
contribute to radar cross section (RCS) in some unknown degree; it is
possible to mask them from viewing at low angles, but they would be visible
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during launch and recovery operations—les,, so if they were stealthy to begin
with—and from elevated angles. Masking at low angles could offer added
protection against guidance by sea-skimming missiles,

The main contributors 10 a current carrier's acoustic signature are the
propellers. Carrier propeller design is essentially of World War |1 vintage.
Modern design and manufacture and deeper running can increase the
cavitatior. speed and reduce the acoustic signature. Electric drive with the

signature,
The propeller changes designed 10 reduce acoustic signature would also
reduce the component of the turbulent wake due to the propellers. This

energy weapons might reduce IR emissions but would Qary its own
ciectromagnetic emission signatures, which woulg have to be shielded.
Electromagnetic emissions from the carrier's radars are unique in
current designs, and therefore are easy identifiers. They can be changed to
appear like those of othier ships by using the other ships’ radars. In
particular, a planar array, electronically scanned radar, based on the AEGIS
SPY-1 radar, onboard the carrier could carry out alj the search and targeting
functions of its current radars. This radar will be under continual evolution
in the battle force combatants, such as the AEGIS Cruisers and the new

threats. Different versions are likely to coexist, and one on the carrier with
the same wave forms as those on the Battle Force Combatants {which wil]
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be called the SPY-() here) could fit into the set. The remaining radars
needed for close-in aircraft approach and landing control could be kept to
low enough power to be undetectable from over the horizon, or the SPY-()
could be made 10 carry out those functions as well. Use of an AEGIS-like
radar on the carrier, even though its power output most of the time would
be lower than that of the other AEGIS radars in the battle group, would
also contribute significantly to its self-defense capability, as is indicated
below. Use of such a radar 2t full power on the carrier would require
solution of serious radiation hazards to aircraft equipment and personnel on
the flight deck.

It might be argued that any ship with an AEGIS-type radar, which is
easily detectable at long range, would allow the ship to be targeted easily
and would itself be a lucrative target for antiradiation missiles (ARMSs), so
that not much would be gained by this step. However, the SPY-() radar on
the carrier could be scintillated in a cooperative engagement mode with
those of other ships in the battle group, with a time constant that would
make lock-on and guidance by hostile weapons difficult.

Reduction of emitted electromagnetic signatures due to communications
requires attention to antenna design, to communications doctrine, and to the
design of the system of command, control, and information flow in the battle
force as a whole. The technology will ultimacely allow non-retroreflective
planar antenna arrays to reduce antenna detectability, and LPILPD
communications. Judicious system design, with attention to controlling
bandwidths and directions of information flow to and from the ship, will be
needed to optimize the design in this area.

Overall, the amount of change in the radar and IR signatures that would
be possible with a NIMITZ-class design may be limited. Explicit design
studies would be required to determine whether the reduction would yield
enough in facilitated masking and decoying capability to warrant the
expenditure. Larger ships may offer more opportunity for treatment and
redesign to reduce radar and IR signatures. Propeller and some machinery
noise and electromagnetic emissions could be controlled as indicated above.
Design and construction of the island might be changed to reduce its
observability. Such changes would attend installation of planar array radars
(SPY-() and close-in target engagement radar, discussed below) and
communications antennas, and would allow significant redesign of the islaad
to reduce vulnerability to the effects of damage as well as ship signature.

Keeping all aircraft inside the hangar when they are not operating would
not be feasible in any case for a monohull design of a size near that of the
NIMITZ class and the current or planned future air wings. (Operations
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"from inside” would require increased ship size to accommodate the aircraft,
with changes in how Space is used inside the ship; possibly some reduction
of the size of the ajr wing; and much more frequent use of the elevators,
including their use in heavy weather when aircrajt and personnel could be
endangered during transfer.)

Another, long-term alternative woulqd be a change 1o a completely
different hull design: a semisubmersible Jike 3 SWATH or related design,
The signature Implications of ; semisubmersible design are seen, from the
above discussion, 1o be large. First, the Structure of the ship’s radar
signature is differen; from that of a monohull. A Semisubmersible with 2
prismatic "bridge” between the pylons, and having a flight deck as large as
that of a NIMITZ class ship (roughly, 1100 i by 250 ft), would be able 10
house inside al] the aircraft of a current 86-aircraft air wing. Its wake would
be reduced by virtue of jts smaller water-plane area and because at sea the
Propeilers would run at 10010 125 ft in depth. Submarine technology would
be used in the huis to reduce the acoustic signature, including propellers
and machinery. IR ang electromagnetic (EM) emissions would be handied
in the same Way as on the monohuj), Finally, this hup design would have
significant implications for damage reduction, as discusseq below.

Damage Reduction

Changes in design 1o reduce the damage due to 2 hit, and to reduce the
time and effort necessary to control the damage and Put the ship back in
action, can be made in several parts of the system, Compartmentation can
be changed 10 reduce the number of long passageways through which flame
and smoke can flow, The passa gEWays are now interrupted by closed hatches
if the ship is at general quarters, but fire and smoke started by a surprise hit

such materials are available today.

Other steps to maintain functionality in case of hits include enhancing
the armor protection of key ship elements, and relocating criticaj clements
10 less vulnerable Places. Composite, layered steel-and-ceramic armors can
be made more penetration-resistant for unit weight, and can be applied to
areas such as the Combat Direction Center (CDC), Flag Commang Center,
and the magazines. The CDCand Flagplot can be relocated so thay they are
not immediately under the flight deck, and S0 that more of the ship
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s€parates them from the surfaces that may be hit. Computer and display
€quipment inside those areas must be shock mounted to reduce breaking of
display tubes and circuit junctions.

Current designs and manual operations often make it difficult 1o locate
and isolate damage and fires, causing wasted time, increased damage as fires
burn uncontrolled, and risk to damage control crews. A most important
addition to the ship design, which could have a very large effect, would be
to instrument the ship so that the locations and probable extent of damage
@n be determined from remote locations. This would have to be

such things as facilitated access 10 damaged areas, automatic quenching,
denial of oxygen, means for rapid purging of toxic gases, and selected
automatic or remote damage centrol machinery, such as pump controls,
including application to the flight deck, could make damage control more
efficient and effective over less time. Installations that monitor the ship's

the system would pay for itself by performing peacetime as well as wartime

Current hull design of the large carriers provides adequate side torpedo
protection through appropriate structural and internal design. Adequate

growth, has led tc a ship designed to have about a 215,000-ton displacement,
1500-ft lergth, and 49-ft draft.

deny the use of current support facilities (discussed below), but it would
greatly enlarge the opportunity for hangar Space. In all these cases, cost

w
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would increase propertionately to the increase in ship size and with the
additional cost of the rrotective structures,

As an alternative, the bot.om strength of a NIMITZ-class hull could be
increased, at the cost of rearranging the magazine space by reducing its
depth 10 gain more standoff from the bottom and increasing its length to
Trecover some of the volume. Total magazine volume within the NIMITZ-
class hull envelope would be reduced in the process. However, such a hull
could be lengthened to accommodate the same volume without increasing
the beam or draft at the cost of a slight reduction in speed (one knot or
less).  Further protection would require modification of the reactor
mountings and some of the drive machinery, but smaller reactors (i-e., higher
power density for the same power output) would be needed to avoid
disturbing ship weight distribution and balance. Total feasibility and
operational acceptability of these changes could be determined only from
detailed design studies.

A semisudbmersible design might provide significantly reduced
vulnerability to damage by different mechanisms. Double- or triple-hull
submarine-type hull structures would provide sturdiness against torpedoes.
Minimization and splitting of the turbulent wake might make wake homing
more difficult. Reactors and magazines in the hulls would make them
relatively inaccessible to aerodynamic and ballistic weapons. The pylons
would be thin, compartmented aud have extensive structural area, so that
they might be made resistant to the effects of hits in their sides. There
would be more deck space for aircraft operations and for self-defense
weapons, so that more hits on deck might be required to negate flight
operations than might be the case for a monohull. (However, if the ship
were designed for inside Storage and servicing of aircraft, and if elevators
were disabled, then flight operations could become more subject to
interference from a hit.) Many uncertainties remain, however. These
include the possibility of damaging instabilities and oscillations in the entire
structure due 11 the effects of a large torpedo explosion between the hulls,
and uncertain ability to trim the ship to maintain a level flight deck in case
of asymmetrical damage.

Active Defense
Active defense of the carrier begins at long range, with the multitiered

air defense and ASW at significant distances fiom the carrier and the battle
group. Reduction in ship detectability, to some level, will be useful in
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opening up the battle space for the carrier and its battle group, giving more
Play to its defensive aircraft screen and to the offboard defenses. However,
increased speed and stealth of attacking weapons will increasingly negate
that advantage.

Ship-based defenses were offloaded in modern carrier designs, and the
battle force was dispersed for several reasons beyond the advantages to
offensive operations: (1) as the range of defenses was extended from guns
to guided missiles, capable modern systems for area defense became so large
and heavy that they preempted desirable space aboard the carrier; (2) as the
standoff range of the attacker increased, it was necessary to push the area
defense systems (AAW and ASW) away from the carrier to cover a larger
defensive perimeter; (3) housing the missile Systems in an environment
where aircraft could be operating when the defense systems had to be used
led to the prospect of undesirable Operational interference and possible
fratricide; and, (4) dispersing the fleet was a means to protect its elements
against multiple kills with a single nuclear weapon (after the Bikini and
subsequent tests).

In the future, stealthy attackers including sea-skimming missiles, steeply
diving missiles leaking through the outer defenses (including ballistic
missiles able to target the ship), and torpedoes launched by submarines
penetrating battle group ASW will require more active defenses to be
aboard the carrier. Ballistic missile defense could be undertaken from the
carrier or from accompanying ships in the baitle group, depending on the
tactical ballistic missile (TBM) trajectories, on detection ranges, and on
required intercept altitudes and distances against different kinds of warheads.
In general, as incoming threats become faster and more stealthy, or both,
offboard active defenss requires the defending ships to be closer to the
carrier. This works against the desired dispersal of the battle group for
offensive operations, and makes the battle group more vulnerable to nuclear
weapons and perhaps to other weapons of mass destruction. In any case, the
combination of reduced warning time and difficult intercept paths will
require added defense on the carrier against the main threats, listed above.

Needed near-term improvements include:

® Phalanx Block I improvements to provide capability against agile
and low observable cruise missiles.

® Increased firepower through the addition of the Rolling Airframe
Missile (RAM) and improvements to NATO Seasparrow.

® Integration of self-defense weapons, ship sensors, and hard-kill/soft-
kill countermeasures into a total self-defense system.
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A more robust carrier self-defense architecture to meet the most severe
future threats woulqd irclude:

® An upgraded planar array, electronicaily Scanned scarch ang
tracking radar System (the SPY-() noted earlier) having the same
waveform signature ag the AEGIS radar and suited to tracking
Cruise missile; and Steeply diving targets like ATBM warheads;

®  Anew X-band active array radar for fast horizon Search and for fire
control and gujdance tasks such as illuminating targets for defensive

missiles with Semiactive radar guidance;

None of these improvements requires extending the technological state
of the art; only development js needed. The architecture can be develo
as the threat develops, with carly elements instajjeq On near-term and early
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mid-term carriers and later developments included in subsequent carriers
‘and retrofitted to the existing ones. The near-term threats are sea-skimming
missiles with moderately jow obscrvables; steeply diving missiles leaking
through the outer defenses; and underkeel torpedoes, currently wake
homers. Later threats will include missiles with smaller radar signatures and
that are faster and have terminal maneuvering capability; similarly improved
steeo divers; underkeel torpedoes from quarters other than the stern; and
tactical ballistic missiles with maneuvering warheads.

With more currier self-defense, the function of the area defense ships,
and the battle group concept of operation in protecting the carrier, inust
also be reviewed. Improvements should be made 1o the AEGIS radar for
counterstea'th and ATBM, and the new X-band sex.rch-and-fire contro} radar

considerations of the carrier jtself,

There is believed to be sufficient volume and wei tht capacity in a
NIMITZ-class carrier to accept the self-defense design changes outlined
above. However, ship design studies would be needed to confirm this. The
impact on the carrier design itself would clearly have to be a key part of the
analyses of total system defense configurations.

Unconventional Weapons for Air Defense

Several unconventional ajr defense technologies might potentially be
brought into deployment in the mid. to long-term periods. Whethar the
special attributes of these technologies will be needed is speculative and
depends on the evolution of the contest between the air threat and
conventional gun and missile air defense weapons. The air threat growing
along predictable lines (stealth, high speed, evasive maneuvers, jamming, and
Roncenventional payloads such as nuclear weapons, chemical weapons, or
submunitions) could, in time, seriously stress conventional defersive guns
and missiles. The stressing conditions are compressed battle space, need for
large keepout ranges, difficult kinetic envelopes, and reduced susceptibility
of the attacking weapon to damage. The technical antecedents for this
threat growth exist today, but the pace at which the threat develops will be
determined largely by economic and political factors, and it will probably
émerge more slowly than would be possible from technical considerations
alone. However, it is not improbable that unconventional technologies will
be needed snoner or later in tie time period being considered, either to
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augment or to replace guns and missiles, and these technologies should he
advanced as insurance against unfavorable developments.
Unconventional Weapons, as used here, include novel weapons

Superior alternatives in the fuure, Lasers require a clear line of sight to
target. This condition is often met against low-altitude targets, aud often
not met with high-angle targets. The targets of greatest relevance to laser
Weapons are evasively maneuvering sea skimmers with non-nuclear payloads,
ie, targets that stress the kinetic envelopes of 8uns and missiles but do not
impose a large keepout range.

High-power microwaves (HPM) are soft-kill, all-weather weapons, which
are potentially complementary o but not substitutes for hard-kl weapons.

compact weapon designs.

Charged particle beam Weapons (CPBW) can be viewed as potential
substitutes for conventional weapons. They would be hard-kill weapons with
all-weather Capability, and no practical means of hardening against CPBW
attack has yet been conceptualized. In principle, these would make the
ultimate air defense weapon. However, the feasibility of propagating lethal
beams to useful combat ranges has yet to be established, and the size ang
weight of effective weapons based on current accelerator technology would
be prohibitive. For these reasons, CPBWs are not likely to materialize as
deployable weapens in the near Or mid term, but if the R&D is pursued they
may emerge in the long term as the weapon of choice.

Hypervelocity guided projectiles (Mach 10 and above), which can be
viewed as radjcal extrapolations of conventional Weapons, require innovation
in both the launcher and the Payload. They offer the critical advantage of
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shortening the flyout time of the defensive weapon and reopening the
€nzagement window that might otherwise be closed by late target detection
combined with high speed and long keepout range. The projectiles must be
lightweight, to keep the launch energy in reasonable bounds, and have a high
ballistic coefficient to avoid excessive reduction of speed by acrodynamic
drag. To meet these requirements, the projectile must have a hit-to-kill
design with a terminal homer capable of functioning in the atmosphere at
hypervelocity. These are technically difficult goals, but not unrealistic; the
Strategic Defense Initiative Office (SDIO) is working toward a similar, if not
identical, set of goals, and the Navy can draw heavily frvm that effort,
' Two of the problems anticipated for conventional »ir defense missiles
are (1) an increase in the miss distance, resulting ‘-om target evasive
maneuvers, and (2) inadequate lethality, when the need is to achieve a
warhead or payload kill (for example, if the incoming warhead were nuclear).
Political and arms control issues permitting, low-yield nuclear warheads on
defensive missiles could redress both of these potential deficiencies. The
vield must be low enough to permit the use of these warheads in the
compressed battle space expected in the future. Depending on the minimum
usable range needed, the warhead design may be straightforward or very
demanding. Depending on future world developments a .:: associated policy
resolutions, such warheads could be developed and peihaps inventoried
against potential need, but not deployed until strategic warning shows they
actually will be needed.

Key Considerations in the Active/Passive Trade-offs

As a general matter, the decision as to how far to carry passive defense
as a means of protecting the ship is a major issue requiring extensive
analysis and judgment. Large improvements will be costly. Some of the
initial and obvious steps of signature reduction to reduce radar, IR, and
acoustic signatures, and internal steps to enhance damage control, can add
much for modest cost Adding electric drive, including retractable pods to
make propeliers run deeper, might be more expensive than direct shafting
with gear boxes, depending on the system trade-offs. Significant changes to
enhance underkeel torpedo protection, requiring a larger ship, will either
Cause cost 10 rise considerably or require significant rearrangement of the
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Figure 7.1 suggests the nature of the variation of cost with enhanced
passive defense, where “Vulnerability here refers 1o a combination of the
distance at which a signature is available for targeting and increased damage
resistance measures. (Specific design and cost esumates have been deleted
from the axes of the figure to keep it unclassified, although some sense of
scale is provided.) The increasingly wide cost ranges as vulnerability is
reduced from the NIMITZ design result from the fact that as the ship is
changed more radically to reduce detectability and vulnerability, the range
of uncerwsinty for costs increases.

The additional cost of enhanced ship self-defense as described above
might increase the cost of a NIMITZ-class carrier, without size growth, by
perhaps 10 10 15 percent. Figure 7.2, which shows the uncertainty range
plotted in Figure 7.1 overlaid with the possible cost of the additional active
defenses on a NIMITZ-class ship, indicates that at some point the costs of
ship growth for passive defense and those for added active defense would be
about the same. ¢

survivability, nor does it show total System cost. The cost increases for
passive and active defense would be additive. Figure 7.2 suggests, however,
that extreme measures to reduce ship vulnerability through passive means
alone would soon pass the point of reasonable payoff, so that some

POWER, PROPULSION, AND ELECTRIC POWER MANAGEMENT
Nuclear Reactor Technology

Nuclear power plants for ships have demonstrated an excellent safety
record and have served the Navy well. The Navy has been learning how to
operate the reactors in such a way that fuel rods will last longer, meaning
fewer refuelings duriug the lifetime of the ship. However, the technology is
aging, and there have been advances that make other reactor technologies
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FIGURE 7.2 Schematic variation of active/passive trade-off in large CVN.
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inherent cost increase of such growth. For this reason, R&D to advance
reactor technology for applications to ship designs beyond the period 2010
t0 2015 can have significant payoff in carrier design, cost, and operating and
combat capability, and should be pursued. The gains will have to be traded

power, the latter making the auxiliary power much more controllable;
electric catapults and arresting gear, which might save weight and volume
and also contribute to signature reduction; availability of power for directed-
energy weapons and electromagnetically driven, hypervelocity kinetic-energy
weapons; selective application of ‘electrodynamic armor* when it is
developed to enhance ship survivability; all-electric "yellow gear” with
manufacture of hydrogen for fuel cells onboard, which would reduce ship IR
signature, reduce fuel usage, and significantly ease the ability to operate with
hangar decks closed to the outside for RCS reduction (all assuming the fuel
cell safety problems can be solved); and significant changes in shipboard
controls and operating systems.

Such advances all depend on extensive, successful R&D programs in

fluctuations in power level and frequency, for use in ship support and

defense systems and in maintenance, calibration, and repair of aircraft

achieve the requisite advances in power transmission, conversion, and
conditioning. The major challenges are 10 increase the power density of the
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could lead to major desj
reason they are worth pursuing,

RADIO-ELECTRONIC/ACOUST!C BATTLE MANAGEMENT
AND THE INF URMATION WAR

The Nawy-21 study, Implications of Advancing Technology for Naval
Operations in the Twenty-First Century (Nationa] Academy Press,
Washington, D.C, 198), pointed out the importance of the "information

discussed in previous sections. The key technologies have been listed in
Tables 6.1 through 6.7,

aboard the carrier. The New approach to EW wil] have 10 include attention
to electronic Countermeasures, caunter-countermeasum, jamming,
deception, and decoying in concert with reduced observability of ships and
aircraft.
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Such changes will apply 1o any carrier system design. They are under
way today, supported and integrated by the establishment of the Directorate
of Space and Electronic Wartare Systems and the initiation of the Navy’s
new COPERNICUS approach to C3, REABM, and combat information
Systems architecture by that directorate. Not all of the advances needed will
be easily achievable, as experience with the Joint Tactical Information
Distribution System (ITIDS), which represented a step in these directions,
attests. If they are desired, their progress must be protected even urder
austere fiscal conditions.

UNMANNED AERIAL VEHICLES OTHER THAN HALE

Operating environments for detailed reconnaissance and target
acquisition over shifting combat areas in antisurface ship warfare (ASUW)
and in strike warfare to support ground forces will become increasingly
dangerous. There can be significant benefit in many scenarios in avoiding
manned overflight of such areas for the purpose. Remotely piloted
vehicle/unmanned aerial vehicle (RPV/UAV) technology will offer the
opportunity to do so. Experience to date with such aircraft suggests that
their cost can be kept low by judicious ¢2sign of sensor suites and data links.
Recovery of the aircraft with lov; Camage or loss rates is a significant
operational problem. CTOL operation from the carrier and from

RATIONALIZED LOGISTICS AND MANPOWER ENGINEERING

Rationalized logistics and manpower engineering are so closely
interrelated that they must be treated together. Logistics and sustainability
include maintenance and operation aboard the carrier, and resupply of key
clements of the carrier-based combat System—especially, aviation fuel,
Wweapons, and spare parts or subsystems. Aside from the flight crews of the
carrier air wing, personnel are needed for aircraft and ship operation,
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maintenance and support functions, to operate and maintain the self-defense
Weapon systems aboard the ship, to operate the command staffs of the
carrier air wing and of the battle group or battle force, and for damage
control and repair in case of accident or a weapon hit in combat.
Advances that have been made in the areas of design for ease of
equipment use, computer-aided logistic support, automation and robotic aids
10 operations, and in classification, assignment, and training of personnel can

The advances are within the current state of the art and need only be
applied for their benefits to become available,

Changes in aircraft, avionic, and C3[ system designs are changing the
nature of the support required for aircraft and weapons systems, Complex
electronic systems are designed for more "black box" replacement in place
of repair, and automatic and built-in test equipment (ATE and BIT),

them to electronic media—leading to a savings of up to 350 tons and up to
10,000 f* in a "paperless® carrier. Use of composite materials, highly
adherent coatings, and non-corroding alloys can reduce preservation and
maintenance loads and attending manpower requirements,

repair.  Because personnel aboard ship have multiple responsibilities,
automation can help them considerably, but care must be taken not to
reduce efficiency and chances of survival in emergencies. For example,
people doing *normal* jobs may be out of Position and have to move 10 new
locations for emergency tasks.  Automatic closure of routes through
bulkheads could prevent this, and either reduce available crew at critical
times or place people in danger or in conflict with others, or both. Also,
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since damage is unpredictable, the opportunity and need to exercise human
ingenuity ad hoc should not be lost, Automation of damage control
functions should be carefully designed to help the crew in this function, not
to replace them.

The improved knowledge of ship condition and ease of repair resulting
from damage control enhancements will obviously also help to increase the
efficiency and effectiveness of ror.ine problem isolation and ship
maintenance. Automation opportunities, such as the *instrumented ship® for
ship status information and damage isolation, sensors to help guide vellow
gear safely around a deck full of aircraft, and judicious application of
computers and robotics will enable the ship’s crew to do a more effective job
with fewer people. All the improvements noted can lead to a philosophy of
condition-based maintenance rather than maintenance performed according
to predetermined time schedules. This, with the application of redured.-
maintenance materials and Structures, can be expected to reduce
maintenance load and therefore manpower.

With some changes in procedures and design of functional areas like
munition movement and hancling systems, enhanced assembly line
techniques and robotics to improve safety and reduce the time taken for
functions like loading munitions can be applied to aircraft turnaround. The
result will be fewer support manhours per sortie.

Many improvements are possible in the personnel area per se.
Appropriate attention to selection and assignment procedures can lead to
productivity gains as high as 70 percent for individual crew members in many
functions. Molding the ship for habitability by using modern concepts of
modular living-area architecture, food Ppreparation, and service functions like
laundry can also mean a reduction in overall personnel onboard ship and
more efficient use of the remaining personnel. Techniques of embedded
training through onboard team training for combat tasks and use of
embedded simulation modes for practice operation of major systems can
enhance and maintain crew proficiency during operational deployments.
Attention to human factors in technology development can assist insertion
of new technology in the carrier System without increasing manning
requirements.

There would also be extensive personnel as well as operating
implications if aircraft were moved off the flight deck to inside parking and
support in order to reduce signature. Carrier space availability for aircraft
now requires much maintenance on the flight deck. If signature reduction
considerations require ship operations with temporarily fewer aircraft

“buttoned up” in the hangar—ie., no openings, normally—or designs of larger

-
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ships allowing more aireraft 1o be parked and serviced inside, then the large
amounts of yellow gear having to be run where the aircraft are will require
a large flow of forced air through the hangar deck (or decks). This problem
can be alleviated by use of all-electric yellow gear. Reducing chemical
warfare (CW) vulnerability would be easier if alf air intakes to the interior
of the ship were controlled rather than having the ship partly open to
natural airflow, in any case.

Changes in ship arrangements, such as locations of munitions elevators
and automated loading systems, to improve turnaround procedures could
also prove to be desirable for expediting replenishment. Attention to the
carrier/fast combat Support ship (AOE) system, treated together for such

and reduced interference with flight operations would be gained by reducing
the replenishment time,

The classified Navy Ship Operational Characteristics Study (SOCS),
applied to smaller surface combatants, estimated that some 35 percent of
shipboard personnel could be cut through measures such as those described
above. The degree of applicability of these results to carriers is not known,
but much should apply to the ship itself. Additional reduction of personnel
needs should be possible through the aircraft maintenance and operational
advances attainable through modern design approaches and operational
techniques.

active defense, for added torpedo protection, or for more aviation fuel and
magazine space.

Thus the potential personnel savings and operational efficiencies
achievable from application of modern personnel and logistic engineering
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the tcp levels of the Navy where carrier system characteristics ~re Specified
and their implementation Supervised, since none of the designers, builders,
program managers, or commanders at tae ship and aircraft tubsystem and
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CARRIER SYSTEM OPTIONS

Careful consideration of the carrier design drivers and of the possibilities
for resolving the problems they pose points to four basic alternatives for
future aircraft carriers and carrier systems, with many possible variations of
the four. Obviously, since the carriers considered here will be acquired over
a considerable period of time (40 years), a fleet will be built having more
than one ship design, so that the Navy can take continual advantage of
advancing technology.

The basic concepts that were examined are enumerated immediately
below and then are discussed. Clearly, since one approach has already been
recommended earlier in this report, these options have already been
evaluated in light of current needs and conditions. The options are
presented and discussed, however, (1) to show the range of possibilities that
was considered in arriving at the recommendations, (2) to indicate the
possibilities that may be of interest and available for some time in the future
when world conditions and the needs for naval power will surely change, and
(3) to establish the basis for the recommended carrier-oriented R&D
program. The options are the following:

1. An advanced NIMITZ-iype ship, within the NIMITZ-size envelope.
Such a ship would be changed to the extent feasible to meet some of the
most severe threats and engineering problems foreseen and to capitalize on
some of the most important of the technological opportunities in the offing,
to the extent permitted by th= size of the ship.

2. A new, large monohull. This ship would offer more scope for
change, including potential growth in size and weight of the aircraft of the
carrier air wing to achieve improved range and payload, and changed
onboard system characteristics to provide more opportunity to strengthen
passive and active defense, and more opportunity to capitalize on some
major technological advances su:h as electric drive and advanced, electrically
based weapons, along with the advances possible in the NIMITZ-class ship.
Torpedo protection and larger and heavier aircraft would cause this ship to
be larger than one in the NIMITZ class. The smallest size might be about
105,000 tons and 100 ft longer than a NIMITZ-class ship, and a much larger

Preceding page blank
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one that incorporates alj the survivability changes contemplated might reach
a displacement of 215,000 tons and 1500 ft in length,

3. Alarge Semisubmersible ship. Designed to lower signatures and to
enhance damage Tesistance, this ship would have a rectangular flight deck of
approximately the dimensions of the NIMITZ flight deck, configured to
operate with all aircrafy jn the hangar decks €xcept when being launched or
recovered. It would be ballasted to rup with the propellers on the
Submarine-like hulls at about a 125.f depth but would be able to reduce
ballast to draw about 40 ft to enter harbors, This ship would displace about
325,000 tons, €mpty, and about 660,000 tons with ba'iast and the hulls at
running depth, -

STOVL fighter and high-performance rotorcraft for Supporting missions. [t
would not have catapult and arresting gear. The ship would be Planned for

environments, 7he value and viability of such q carrier wouid be contingent

would have , different Impact on the design of the total carrier system,
These factors are reviewed in the following discussion,

2Ihe Largest ctass of amphibious assault ships.
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ADVANCED NIMITZ-TYPE CARRIER
Typical characteristics and improvcmems could include, among others:

¢ Current-type operations, with aircraft stored and maintained, to the
extent feasible, on the fii ghtdeck. It could accommodate aircraft of
the size that had been planned for the A-12: however, potential
growth of ATS aircraft or other follow-ons to the aircraft now
performing the ATS missions in order to achieve greater range and
payload performance and more advanced, countersteaith sensors
would lead to a very tight fit. This could enforce more reliance on
offboard surveillance and targeting assets.

® Modern, late-cavitating propellers, steps to quiet machinery, and
steps to reduce RCS and IR signatures to the extent feasible within
the basic design.

® Planar array, electronically scanned radars (as described i the
discussion of ship survivability and defense, Chapter 7), replacing
the current radars, and LPILPD communication systems with

other signature management steps, would require complete redesign
of the island, ard so would cownstitute a major change in the ship
configuration,

® Enhanced self-defense, including advanced missiles of SPARROW
size in appropriately designed VLS bays, and active torpedo
defense—all to the extent permitted by weight and Space constraints.

® Selective application of upgraded armor.

® Enhanced damage control, including widespread instrumentation,
computerized damage diagnostics, more fire and smoke retardant
materials, and automation where it can be effective in helping the
Crew with damage control,

® Extensive internal redesign to improve ship and aircraft operational
and maintenance efficiency and reduce Crew size.

® Possibly, significantly greater torpedo protection, or aviation fuel
and magazine capacity, if the maximum volume that might be gained
through personnel savings were used for one of those purposes.

® For the late mid-term and iong-term designs, advanced reactors if
these prove to be preferable, and advanced power transmission and
management systems, associated with electric Catapults and arresting
£€ar and possibly with advanced defensive systems.
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The extensive changes would greatly improve the efficiency and
effectiveness of the carrier. It would still fit in the existing drydock and port

future, and it would deny to the ship and the carrier system the benefits of
advancing technology, while potential threats would probably continue to
improve as described earlier.

The improvements outlined above could add initial cost of up to about
10 to 15 percent to this option, although they would save in downstream

NEW LARGE MONOHULL

This option could include all the improvements outlined above for an
advanced NIMITZ-class design, with the opportunity for further
improvement in several directions:

measu.e of passive protection against underkeel torpedoes and
would also accommodate the heavier aircraft in the offing. A ship
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at the other extreme (i.e., 400 ft) would grow significantly in all
dimensions—the overall beam would be about 300 to 350 ft and the
draft would be nearly 50 ft if underkeel torpedo protection were
provided with a rigid bottom. ‘

® Addition of underkeel torpedo protection. This would be built into
the basic structure of the ship, at least in part, and might be
augmented by compliant bottom protection if necessary to absorb
the energy of a large torpedo explosion. In the latter case the ship
would draw up to 60 ft while at sea, but it might be found feasible
10 reduce this to about 40 ft by pumping ballast out of a flexible,
collapsible bottom prior to entering harbors. (The “stretched
NIMITZ" alone would not draw more water.)

®  Greater opportunity for signature reduction accompanying the hull
redesign, thereby increasing the difficulty of targeting the ship and
increasing the opportunity for effective cover and deception by
electronic countermeasures (ECM), chaff, and decoying,

® Opportunity for much more hangar deck space resultin g from added
ship size and perhaps from personnel efficiency gains, so that the
ship could operate with an 80+ percent-sized air wing with no
parking, turnaround, or maintenance activity on the flight deck, or
for sharing the volume gains with other alternative improvements
noted immediately below.

® Much enhanced self-defense relative to what could be accomplished
within the NIMITZ-class envelope.

® Significantly increased fuel and magazine volume to increase
sustainability in combat, depending on the actual ship size and on
whether volume saved from other applications were used for these
purposes.

® Opportunity for podded electric drive, when available,

These additional gains in capability above those of the improved
NIMITZ would require a ship that might vary from about 125,000 tons to
about 215,000 tons. Home harbors might have to be dredged to handle the
ship, especially in a rigid bottom configuration. The hull designs
contemplated would mean that the ship could not use avaijlable drydock
facilities. The additional cost of the ship alone would be 10 10 100 percent
greater than that of a NIMITZ, depending on the size and the extent of the
changes incorporated. The cost of new port facilities for the new ship class
would have to be borne; this might come to about $2.5 billion to $3 billion
for facilities on both coasts (less for the "stretched NIMITZ" since a graving
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dock exists in which such a ship could be built). If the cost of new drydocks
for ship repair were to be saved, other means for working around the
facilities problem (discussed below) would have to be adopted, at some
unknown cost.

LARGE SEMISUBMERSIBLE

The attraction of this ship is that it could offer the lowest detectability
against targeting and, depending on the resolution of some structural
unknowns, possibly the greatest structural integrity against major damage.
(It could probably still be targeted from outside visual ringe, however.) The
ship would be about 1100 ft long and would have a beam of 250 ft for the
rectangular flight deck. If the ship were a SWATH, the underwater beam
would be larger because of the overhang of the 125-ft-dizmeter hulls from
the profile of the pylons (a "golf-club” configuration could be used to stay
within the overall beam, but this would not be as stable or as efficient
hydrodynamically). The ship would draw about 185 ft while under ballast at
sea with the propellers at a depth of 125 ft, but it might be designed to draw
as little as 40 ft without ballast, to enter port. (Its height might then
interfere with bridges in some ports.)  The ship would displace about
325,000 tons empty and about 660,000 tons in ballasted configuration. The
reactors and magazines would be in the hulls, where they would be less
accessible to attack by airborne weapons, and hangar deck space would
permit the full air wing to be housed, turned around, and maintained inside
the ship, with advantages in signature reduction and controlled conditions
for the crew in severe weather. It would use submarine technology for
quieting, and double- or triple-hull submarine-type construction for damage
resistance. Its speed would not be as great as that of the NIMITZ (25 knots
vice 30+ knots, with four times as much installed power). However, speed
would affect only deployment time; wind-over-deck requirements could be
reduced significantly by use of a skijump, and deck parking space would not
be needed.

This ship would be large enough to accommodate operations by the
largest aircraft being contemplated, especially with a skijump and catapults
for takeoff and longer runouts for the arresting gear, without extensive wind-
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weight capacity for a significant number of offensive long-range missiles for
defense suppression to support strike warfare. The rectangular flight deck,
potentially configured as two parallel runways, would offer great flexibility
for simultaneous launch and recovery operations.

All of the other improvements for efficiency and effectiveness that have
been sketched above for the large monohulls would be available 10 this ship.
Total redesign of the use of space on board would clearly be required,
however. The ship would also need new building and port facilities. A
mode for working on the ship in water and at dockside once it is in service,
without the usual drydock facilities, could be devised to minimize the new
fixed facilities that would have to be built.

A rough estimate of cost for this ship, based on a synthesis of submarine
costs for the hulls and monohull carrier costs for the superstructure, leads
10 an estimate of about three times the cost of a NIMITZ-class carrier.
However, a ship of this kind Tepresents a very long extrapolation from
current experience with semisubmersibles—currently, 3500 tons in operation
and 5000 tons in design. Experience suggests that many “"unknown
unknowns* would be encountered in the course of design, construction, and
operation, so that an increase to a factor of four times the NIMITZ class
cost might be an outer limit.

The benefit gained for the added cost would be the potentially great
increases in survivability and firepower. These increases in carrier capability
could offset the carrier costs by avoiding the costs of other battle force
combatants that might not be needed to protect the ship. These trade-offs
would have to be explored in depth through R&D, model tests, and design
studies, including analyses and simulation of the entire battle group in high-
intensity operations.

LHA/LHD-SIZED CARRIER

The flexibility advantages and mission opportunities of this carrier in
complementing the force of large carriers were noted above, in connection
with the technological attraction of powered lift aircraft. Considered ab
initio, this ship can be a monohull or semisubmersible. The alternatives are
considered 0 be in the same class because of their size, the needed
companion design of a powered lift air complement, and other attributes
such as the need for heavy reliance on offboard protection and information

sources for their combat operatioxs.

PUOCI T
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The semisubmersible would offer sea-keeping in heavy seas about as
good as that of the NIMITZ-class carrier, extending its operational capability
into more severe weather conditions—a major concern with respect to

against torpedoes that can seriously threaten a NIMITZ-class carrier,
although some protection against smaller torpedoes would be feasible,
Many of the other Oopportunities for improving ship survivability, such as the
more liberal use of armor and instrumenting the ship to enable more
responsive maintenance and damage control, would be applicable to this
class of ship, as would many of the weapon technology advances described
above.

All of the opportunities for improving the cfficiency and operability of
the carrier and its air wing would also be available for this ship, but the
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SYSTEM IMPLICATIONS OF THE OPTIONS

The overall System implications of the options have been noted
throughout the discussion, They are reviewed in expanded form here,

Advancing technology will make available many improvements in carrier
design that should be Incorporated because they will improve survivability,
improve combat POWer, reduce personnel requirements, and enhance
Operating efficiency and Sustainability, Although the Soviet threat has

face continuing tensions between the pressures for the ship 1o grow and
compromises to restrain growth.

The diffusion of Potential threats against the carrier to more areas of the
world, and the dangers of operating close to hostile shores against
technically capable Opponents, will require the carrier System to be capable
of longer-range strixe operations ihan current aircraft designs permit. Strike
operations will use more standoff weapons, requiring a significantly

the NIMITZ design envelope.

Operations in littoral areas that open the carrier to artacks by
land-based tactica] aircraft launching Stealthy antiship missiles, and Spreading
of modern undersea warfare «apability to many Third World countries, will

N R LI
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carrier design can £0 only a certain distance to meey this problem; the
Support will have to be Drovided by a mix of onboard and offboard assets,
the exact mix to be determined by the size of the carrier and the Capability
of the aircraft involved,

active defenes, including more missile and close.in gun or (ultimately)
directed-energy' weapons and hypervelocity kinetic-energy weapons
installations, might require carrier growth if they are elaborate enough.
Passive damage limitation against che underkee) torpedo threat, which can
be spread by the Soviet Union whether or not they pose a direct threat to
the carrier over jis lifetime, would cause the carrier to grow the most.
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Growth in the size of the ship should not be viewed as undesirable,
however, if the cost can be accepted. A larger carrier can be made more

of the magazine and of the air wing; the loss might be made up by more use
of guided weapons, but a shorter period of sustained combat power (fewer

Interoperability with those forces would have to be assured in the design of
the carrier system and the other forces.

Aside from the increase in cost attending size growth and the
construction of the lead ship in a new class, a major concern if ship size
£rows would be the concomitant need for new port facilities.

There are five private and Seven government-owned drydocks distributed
on both coasts that can house NIMITZ-class carriers for repair and
overhaul, with two on each coast certified for nuclear carriers, There is only

on the water-intake manifolds, 2ligning the Gatapult, and damage repair.
The NIMITZ-class carriers press drydock facilities to the limit, since the
ships in their current configuration barely fit. Side and sill clearances are
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very small, there are upper deck overhangs in some drydocks, sponsons must
be removed to enter Some, and draft also must be reduced from 37 to0 33 ft
to enter some drydocks. If the carrier grows larger, or if its shape is changed
drastically (as for a semisubmersible, or for podded propellers for electric
drive far outboard and deeper than the main hull of a monohull), it will not
fit.

There are ways to work around the lack of a drydock if a new carrier
cannot fit. This includes working at dockside, andjor building watertight

billion. One graving dock would be reeded to build the first larger carrier
designed for the new aircraft starting in about 20j0, Additional facilities
would be needed in time to start the next ship of the new class, perhaps
within 3 years of the first one, and for initia] overhaul of the lead ship 7
years after its cemmissioning. Thus, the outlay for new facilities could be
limited to under $100 million per year unti] acquisition of the first of the
hew carriers, but jt may have to rise after thar,

Another approach to solving the multiple problems of increased
vulnerability and pressure to grow is to change the carrier design completely
by taking advantage of the Ppassive protection possibilities of semisubmersibje
ships. This change would also provide operational flexibilities in aircraft
design and operations and in ship self-defense that would not be available
from monohu]] designs. Much less active defense might be required, leading
10 savings in the battle £group that would offset the higher cost of the ship.
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requiring the budgeting and Planning system to exchange near. for far-term
savings. Other cost increases will simply be necessary to ensure that the
ships can remain survivable and effective throughout their lifetimes.
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LARGE SEA-BASED PLATFORMS—A SPECIAL CASE

In asking the Secretary of the Navy to have this study performed,
Congress also expressed interest in an exploration of the possibilities for
building floating platforms from which all manner of aircraft, rather than
those configured for current types of aircraft carriers, could operate.

A number of possibilities have been examined in the past,” and they can
furnish data and a conceptual basis for the current application. Two basic
concepts have teen considered. One amounts to a floatin g island that would
create the equivalent of a tactical airbase offshore from the area where it is
established. The other would amount to a very large aircraft carrier, beyond
any of those considered thus far in this study. The first would be an
essentially fixed base, relocatable with considerable effort, while the second
would provide a more mobile base, without the agility of a carrier. The two
concepts are reviewed briefly.

FLOATING ISLAND

To meet mission requirements significantly beyond those of a current
aircraft carrier, the floating island would have to be big enough to allow
takeoff and landing of all kinds of aircraft, ranging from fighters not
configured for catapulted takeoffs and arrested landings to tactical transport
aircraft. Benchmarks may be provided by the damaged-runway requirements
for land-based tactical aircraft. Typically, 2000-ft-minimum field lengths are
specified for assisted or lightweight takeoff and lightly stressed arrested
landing for land-based tactical fighter aircraft. C-130 tactical transport
aircraft can operate from similar field lengths. Larger aircraft like the C-17,

{References: "Floating Stable Platforms, Concepts, and U.S. Activities,” by Hightower, ..,
Rona, TP, and Taikington, HR., Naval Ocean Systems Command, 1989; "Floating Ocean
Platform,” memorandum by Kostoff, R.,, Office of Naval Research, for NSB, Dec. 1990;
“Advanced Offshore Oil Platforms,” by Ellers, F.S., Sciendific American, 246, No. 4, April 1982;
"Study of Large Floating Bases, by Bechtel Corp; "Study of Offshore Tactical Air Base,” by
BDM Corp; "Mobile Offshore Bases,* by Hickey, E.I, Dailey, J.E., Nolan, C.E., and Gaul,R.D,,
presented at First International Workshop on Very Large Floating Structures, sponsored by
Univenity of Hawaii with National Science Foundation funding, Honolulu, April 1991,
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o7 heavily loaded tactical fighter and attack aircraft, would need runways ¢n
the order of 3000 to 5000 ft. In addition, a flat surface is needed tor

and all appropriate shop, power plant and fue] apg ammunition storage
facilities, as well as platform self-defense,

Cost estimates made by various firms for offshore airfields that would
include hangar, servicing, and shop space Suggest an estimated cost of
$4 billion for an airfield with dimensions of 9000 by 909 fr. However,
although the technology for a single module represents a modest
€xtrapolation from known technology, multimodule construction and
assembly at sea have not yet been demonstrated, The costs of defending the
base and other specifically military aspects of the floating airbase’s
Capability would have to be added. Consideration of such factors leads to
the coarse estimate that the base could Cost as much as $8 billion, completed
fora military mission,

Places as Tokyo harbor, would be essentially new in practice,
It has been estimated in Some studies that sections could be moved by
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experience. Even if it could be meved without disassembly, it could not pass
many narrow or shallow st:3is, requiring much more time than even the
slow speed suggests. From these considerations, it appears that moving the

"island” co..ié amount to disassembling it and essentially rebuilding it in
anzaier place, at some unknown cost.

SEMISUBMERSIBLE SHIP

‘A mobile alternative to the floating platform technology described above
might be provided by a very large semisubmersible ship, like a SWATH, on
the order of 2000 ft long. With a skijump at the leading edge of the flight
deck and arresting gear having a long runout, this ship would be able to
accommodate any tactical aircraft designed to operate from a runway with
bomb holes, and C-130-type transport aircraft (assuming any superstructure
could be appropriately designed). Incorporation of Catapults would allow

of such a ship would be its mobility; with 600,000 to 700,000 installed
horsepower, the ship might be able to move at 20 knots on its own.

This ship might cost about 12 1o 16 times as much as a NIMITZclass
carrier.  This guess is based on the estimate (given earlier) that a
semisubmersible with an 1100-ft flight deck could cost about three to four
times as much as a NIMITZ, and on the assumption that although it would
£row to twice the size of the latter semisubmersible, the weight of the

COMMENTARY

Miscions and operating conditions for platforms such as those described
here have ye: to be defined clearly. If either platform were used very far off
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a hostile shore, tactical aircraft range could become a problem. If they were
uscd in close, they would not have the mobility advantages of a carrier but
they would have most of the physical and many of the political
vulnerabilities of a land base.

This first-order examination led to the judgment that the large sea-hased
platform concept is different in kind from the aircraft carrier concept and
would serve different functions. The ship version of a large floating
platform can be ruled out on the basis of cost. (This could change if
research on the large semisubmersible carrizr considered as a NIMITZ -class
replacement suggests engineering feasibility and potential costs much lower
than those estimated here.) The large floatin 8 base would be akin to having
a fixed, quasi-permanent overseas tactical airbase, moved offshore becruse
it is not wanted or cannot be accommodated onshore. The carrier is
designed to carry out missions requiring mobility and the ability to appear
and operate in particular geographic areas and then to shift to others on
short notice. The two concepts are not alternatives for each other, and each
needs evaluation in its own frame of reference.

Examinations of the "floating island" concept beyond this *zero’th order®
look would first have to consider the missions that would justify such
platforms, as compared with more conventional aircraft carrier concepts.
They would then have to review platform technology; construction and
assembly, including single platforms and multi-platform assemblies;
stabilization, seakeeping, and mancuvering at sea; load-bearing and
smoothness; mobility; cost; vulnerability and protection; and operational
suitability. Based on the prior work that has been reviewed (see Volume II),
such furthe: examination would be warranted if a mission structure for such
a base were 10 be defined.
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CARRIER-SYSTEM RESEARCH AND DEVELOPMENT

The many areas of ongoing technology development listed in Tables 6.1
through 6.7 offer the potential for the capabilities needed for and/or useful
in the design of future carriers and parts of the carrier system. Some of the
technology advances are either close to fruition or ready for current
exploitation. R&D for others is in train and in the normal course of
prograrm development will lead to the technologies listed. Many of the latter
deal with ajrcraft, weapon, and REABM system technology that is being
pursued independently of ship development.

Some of the areas of ship and ship system development are also under
way in existing programs, while others may need significantly more emphasis
{0 ensure their timely availability for application to the next generations of
aircraft carriers. Some of the latter, such as ship power conditioning or
directed-energy weapons and hypervelocity kinetic-energy weapons ship self-
defense systems, will not develop without explicit decision and R&D
emphasis.

While there are R&D programs for weapons, aircraft, and smaller ships
such as battle force combatants, there is no R&D program explicitly

areas can have the effect of advancing the carrier and the carrier system, but
adaptations become necessary during carrier design and construction. A
program of R&D explicitly designed to advance the carrier and the overall
carrier system would include many of the ongoing R&D programs, but it
would give them more or different emphasis. In addition, some R&D is
unlikely to be pursued unless explicitly undertaken for the carrier system.
In particular, management attention is needed to the preceess of ensuring
that the R&D results are brought together into the carrier system in a
planned and orauerly way, and that appropriate attention is given, within the
Navy R&D program, to carrier-specific needs and their integration into the
carrier system as a whole. This attention would focus on designing carrier
systems to accept change; ensuring continual tecknology insertion at
appropriate stages of carrier modification or new design; simulating of
potential technologies in appropriate environments to ensure their feasibility
and workability for carrier application; prototyping of carrier-specific
subsystems before development when size permits; and paying specific
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attention to enhancing the connections among user, developer, and
technologist,

are indicated when achievement of significant results can be €xpected, as are
judgments as to level of risk associated with development of the
technologies. All of the efforts listed, if pursued to completion, would be
€xpected 10 have high payoff for carrier Capability,

As a general matter, although there will be €xceptions, the longer it
takes to achieve a Capability in the operating fleet, the higher the technical
risk involved in implementing the capability in the carrier. This is because

and integration in some current context. Medium-risk efforts are those for
which the basic phenomena are reasonably well understood, and which may

to bring them to successfu] application is therefore high, because unknown
Or unexpected hurdles can prove highly expensive or €ven present
insurmountable difficulties. It follows that higher risk entais greater
€xpense, within the characteristic cost level of subsystems and Systems under
consideration, if only because it takes longer :0 achieve success. Also, as
will become apparen depending on the capability it can take more or less
time to bring a capability to fruition, regardless of the level of risk.

1. Aircraft Systems

® Range extension for conventional aircraft (30 w0 50 percent
extension as goals), whilc incorporating high-lift aerodynamics
and thrust controls for Jow stalling speed and controllability in
launch and fecovery (near to mid term; low risk).

® Structural materials supporting low Observability (LO) designs
able to withstand carrier environment (near to mid term;
medium risk).
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® High-performance rotorcraft concepts for ASW, tanker, COD,
and rescue (near to mid term); with modular equipment to
convert a standard platform to the various missions
economically (long term; low to medium risk, depending on the
_implementation).
® Improved night/bad-weather landing systems and other
operational enhancements for sustaining operating rates around
the clock.
® STOVL supercruise fighter/attack aircraft technology and
prototype development (mid term; medium risk).
| ® Lightweight counterstealth aircraft radar systems for
| carrier-based AEW aircraft (mid term; high risk).
| ® Unmanned aircraft surveillance systems, cspecially HALE, with
| spacecraft reliability, very long endurance (days or weeks with
| midair refueling), air-to-air refuelable from the carrier (designed
for over-the-horizon surveillance, AEW, C3] link, EW, and
related missions or parts of rr.issions—mid to long term; medium
risk).

2. Passive Carrier Survivability (Supports current and near- to
mid-term ships, depending on extent of change required in ship design.)

® All areas of ship, aircraft, and weapon system signature
management in the radar, acoustic, and IR media.
(Electromagnetic  emission signature management will
accompany weapon system changes; some wake reduction will
accompany ship design changes listed; low to medium risk.)
® Damage isolation and control throughout the ship, including
improved ability to deal rapidly with fires on the flight deck
(low risk).
® ‘“Instrumenting" the ship, and advanced internal communication
systems, to support damage control measures; also contributes
10 more efficient condition-based ship maintenance (medium
risk).
® Passive torpedo protection, including especially protection
. against underkeel torpedoes (low to high risk, depending on
N ! implementation).
® Advanced armor for selective protection of critical ship areas
; (medium risk).
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3. Active Carrier Self-Defense

Near-term missile and CIWS gun system improvements (low
risk),

Mid-term ATBM extension of AEGIS (medium risk).

Near- 10 mid-term carrier active defense subsystems and
systems:

carrier radars and with ATBM features (low risk);

- A higher-frcquency (e.g., X-band) active-array electronically
Scanned radar for horizon scan and close-in fire contro} and
illumination for semiactive guidance (low risk);

(medium risk);

= Vertical launch bays for ship self-defense missiles (low risk);

~ Improved close-in guns (low risk);

— Carrier-based active torpedo and Fising mine defense,
including means for detecting, locatin 8 and intercepting the
threat (medium risk); and

— Cooperative engagement systems for the carrier and the
battle force (medium risk).

Unconventional weapons:

- Directed-cnergy and hypervelocity kinetic—energy weapons
(long term; high risk); and

- -yield nuclear warheads for air defense against violently
maneuvering targets or those (such as nuclear) whose
warheads must be destroyed (mid term; medium risk),

4. Propulsion and Other Electrical Systems (mid to long term)

Advanced, safe, high-power-density reactors (long term; high
risk).

Long-life reactors (mid term; medium risk).
High-power-density, safe, power conversion and conditioning
Systems, applicable to electric drive; electric Catapults and
arresting gear, electrodynamic armor; ultrahigh-energy weapons,

T
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including directed-energy and hypervelocity kinetic-energy
weapons (medium risk),

Electric drive, including motors, transmission systems, and
retractable pod and counterrotating propeller designs (medium
risk).

All-electric ‘yellow gear® (aircraft and munitions-handling
equipment), to ease operations on hangar decks enclosed to
reduce ship radar signature, and to reduce fuel and maintenance
requirements and JR signature: fuel cells or hi gh-power-density
batteries are the pacing items (medium risk).

5. Radio-Electronic and Acoustic Battle Management (REABM)
(Technology and systems in this area are being developed continually as part
of the total carrier system; some advanced elements are available now, and
others will become available during near-, mid-, and long-term periods;
carrier system design must allow for modular upgrades as advanced new
systems become available; some of the most important areas for carrier
aviation strike warfare and for carrier defense are listed here.)

Complete integration of the active carrier self-defense system
with battle group defense including AAW and ASW, through a
modular, modern, radio-electronic and acoustic battle
management system including identification friend, foe, or
neutral (IFFN) and all target acquisition and weapons
management (low to medium risk).

Enhanced, multimedia, networked communication systems,
including LPD/LPI features to the extent feasible and necessary,
to support REABM system integration within a battle group
and connectivity with the external world and command structure
(medium risk).

Low observable sensors and sensor systems, and also those
pertinent to counter-LO (including the aircraft-related radars
noted under (1), above (medium to high risk).

Advanced targeting systems for strike warfare, compatible with
aircraft advances noted under 1, above, including *forward pass®
techniques and subsystems for both strike and defense, with
appropriate data link capacity and multimode battle integrity
(medium risk).

Family of broadly defined, advanced EW systems (including
ECM, elecironic counter-countermeasures [ECCM], jammers,
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decoying, deception, and so on) to work in conjunction with
signature management and active defense of carrier for total
carrier defense (medium risk).

® Improved battle group command center designs, to incorporate
added capabilities provided by above advances and to enable
modular upgrades as the technology advances. Centers need not
be confined 10 carriers, but should be capable of integration
into carrier design (low risk).

6. Advanced Logistics and Manpower Engineering (near to mid term;
all low risk)

® All areas affecting personnel selection and assignment;
habitability; imbedded simulation and training; computer-based
Operation, maintenance, and support systems for the ship,
aircraft, and weapons, with special attention to reliability,
maintainability, and efficient use of personnel; rapid aircraft

® Improving the design of carrier and underway replenishment
ships to operate together as a system, to achieve more rapid
replenishment.
® Attention in ship design to capturing any volume saved by
- above measures to apply to passive protection and increased
sustainability.

7. Special Opponuniti&s—opportuniti&s are available to make special
gains in understanding carrier Systems that, if capitalized on, can contribute
invaluable data for mid- to long-term carrier design. Among the most
interesting are the following:

concepts described in this report, for defense, logistic support,
crew reduction, and operations (medium risk).

® Design and model studies of all aspects of large semisubmersibje
ships, with special attention to the technical problems, signature
reduction, enhanced survivability, better cost estimates, and
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changed operational concepts in the long term (low risk for
research; high risk for ship).
Large-scale structural model experiments (possibly including a

highly instrumented live fire test of a carrier destined to be sold

for scrap), to help quantify better than is now possible the
effects of uncerkeel torpedo explosions, to aid design studies of
passive protection of carriers and other large ships (medium
risk).
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